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Summary of Thesis 
Meningiomas are interesting tumors with regards to their 
potential for differentiation. Derived from the arachnoid 
cap cells, the embryologic origin of which is still being 
debated, meningiomas exhibit a wide range of histologic 
features. On one hand, they have an epithelial-like 
appearance with the meningotheliomatous morphology, while 
on the other, they can assume spindly fibroblast-like 
features in the fibroblastic types of meningiomas. Mother 
variants encompass a wide spectrum of morphologic 
appearances. 
This study aims to characterise with immunohistochemical 
techniques the dual mesenchymal and epithelial 
differentiating potentials of meningiomas. The literature 
was extensively reviewed with regards to histologic, 
ultrastructural, in vitro culture and immunohistochemical 
characteristics of meningiomas. Two major problems of 
previous immunohistochemiGal studies were highlighted : 
whether cytokeratins, the major intermediate filament 
component of epithelial tissues, were present in 
meningiomas and the extracellular matrix protein (EMP) 
components of meningiomas., which were only incompletely 
analyzed in previous studies. 
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Part of the inadequacy of previous studies on epithelial 
markers seems to lie in the use of paraffin embedded 
tissues for immunostaining. To prove this pointy
 ya pilot 
study with parallel paraffin and cryostat section iitmiuno-
staining of 15 classical types of meningiomas was performed 
with a battery of epithelial markers, including the 
cytokeratins (3 monoclonal antibodies : AE1/3, PKK1, 
CAM5.2), epithelial membrane antigen (EMA)/ human milk fat 
globule-2 (HMFG), and carcinoembryonic antigen (CEA). 
Overall, 9/15 (60%) cases showed positive staining >for at 
least one cytokeratin marker whereas only 2/15 (13.3%) 
showed positive staining on paraffin sections alone. EMA 
and HMFG also showed higher positivities with cryostat 
sections. CEA was negative for both cryostat and paraffin 
sections of these classical meningiomas. These results 
suggested that the amount of cytokeratins present in 
meningiomas was probably small and vulnerable to antigen 
loss through formalin fixation and paraffin embedding. As 
the degree of cytokeratin staining was relatively weak, the 
presence of cytokeratin filaments in meningiomas was 
further confirmed in three cases with electron microscopy 
immunolabelling with a post-embedding colloidal gold 
technique. 
Since the pilot study revealed that superior immunostaining 
could be obtainable with cryostat sections compared to 
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paraffin sections, a larger series of 50 meningiomas 
(including the previous 15 cases) of diverse histologic 
subtypes were examined with frozen section immunohis-
tochemistry and a panel of markers for epithelial and 
mesenchymal differentiation : cytokeratins (AE1/3, CAM 5.2, 
PKK1), EMA, CEA, HMFG, desmoplakins, vimentin and 
components of the EMPs : collagen I, procollagen I, 
collagen III, collagen IV, laminin and fibronectin. The 
EMP components, essentially products of fibroblasts or 
related cells and therefore indicative of features of 
mesenchymal differentiation, were only haphazardly examined 
in the literature. The overall positivities were : 
cytokeratins 50%, EMA 94%, HMFG 38%, CEA 4% (secretory 
meningiomas only), collagen I 82%, procollagen I 96%, 
collagen III 74%, collagen IV 60%, laminin 54%, fibronectin 
98%, vimentin 98%. 
Although between the major subgroups of classic menin-
giomas ,there was no mathematical significance in their 
positivity rates for the EMPs, morphologic examination 
revealed strong immunostaining of the EMPs with 
fibroblastic differentiation. Typical meningotheliomatous 
sheets and whorls also stained positive. The fact that 
meningiomas contained cytoplasmic procollagen I, together 
with intimate pericellular staining for the EMPs, suggested 
that EMPs were elaborated by the tumor cells and not by 
10 -
entrapped stromal components. This distinction would be 
further analyzed by short term culture studies (see below). 
All meningioma subtypes stained for the epithelial markers, 
including the hemangiopericytic meningiomas and both 
membranous and cytoplasmic staining could be obtained. EMA 
remained as the best epithelial marker for meningiomas. 
Staining over 90% of meningiomas, EMA should be the 
diagnostic marker of choice. HMFG, a similar but probably 
distinct group of antigens, was identified in a smaller 
proportion of tumors. Like EMA, both cytoplasmic and 
membranous staining could be found. The fact that 
meningiomas do contain cytokeratins was firmly established, 
the latter being the most specific immunohistochemical 
marker for epithelial differentiation. This is a 
significant finding as conventional teaching often regards 
meningiomas as cytokeratin negative (except for the 
secretory meningiomas), and should be of diagnostic 
importance in atypical meningiomas, when the major differ-
ential diagnosis is metastatic carcinoma. Diagnosis of 
metastatic carcinoma in neurosurgical biopsies based on 
cytokeratin positivity must also be taken with care. 
Similar iminunostaining was extended to cytologic smear 
preparations in 4 classic meningiomas, where iminunostaining 
could be correlated with a finer degree of morphologic 
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details than cryostat sections. Apart from confirming the 
broad positivities for both epithelial and mesenchymal 
markers, cytologic preparations revealed fine, pericellular 
distribution of the EMPs with tumor cells. Such a close 
association between tumor cells and the EMPs strongly 
implies the production of EMPs by meningioma cells. The 
potentials for mesenchymal and epithelial differentiation 
were further examined by immunohistochemical methods in in 
vitro situations on short term cultures of seven 
meningiomas. Such immunohistochemical examination^ were 
only rarely carried out in the literature. Meningioma 
cultures showed a predominance of fibroblast-like cells at 
confluence. Their morphologies were identical for the 
major subtypes, including hemangioper icyt ic meningioma. 
Immunohistochemically, 5 cases expressed positivities for 
the _ broad range of epithelial and mesenchymal markers 
examined. The staining for the cytokeratins was generally 
much stronger than direct tumor immunostaining. This 
indicates that meningioma cells, when freed from the 
restraints imposed by the in vivo environment, were able to 
elaborate cytokeratins, the single most specific marker for 
epithelial neoplasms. In the other two cases, tumor cells 
from the primary cultures were removed at confluence and 
the matrix left behind demonstrated a fine skeleton of EMP 
positivities, indicating tumor production of EMPs in vitro. 
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The main conclusions to be drawn from these studies are : 
1. Meningiomas are tumors with divergent mesencHymal and 
epithelial immunohistochemical properties. They do 
contain cytokeratin filaments, though not often 
detectable in routine preparations. In addition, they 
are able to produce a variety of extracellular matrix 
proteins (EMPs) * The production of the EMPs is an 
important function of fibroblasts and related 
mesenchymal cells. Although in vitro production of 
EMPs can be seen in other tumors, e.g. astrocytomas, 
elaboration of EMPs in vivo in a pericellular fashion 
is restricted to mesenchymal tumors. 
2. Epithelial membrane antigen, though a less specific 
epithelial marker than cytokeratin, should be the 
diagnostic marker of choice. EMA, desmoplakins, and 
more importantly cytokeratin positivity are important 
features to be aware of in diagnostic situations. 
3. The potentials for both epithelial and mesenchymal 
differentiation are well represented in short term 
meningioma cultures. Though morphologically, cultured 
tumor cells resembled fibroblasts, they retained their 
ability to behave like epithelial cells in elaborating 
cytokeratins and other epithelial markers. Cultured 
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meningioma cells have the ability to produce various 
components of the EMPs, which correlated with their 
positivities with direct tumor staining. 
4. Meningiomas of diverse histologic subtypes, in spite 
of the broad spectrum of histologic variations, are 
probably biologically of the same origin. Both in 
vivo and in vitro, the potentials of these subtypes 
for dual epithelial and mesenchymal differentiation 
are similar to one another. . 
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CHAPTER 1 
MENINGIOMAS AND ARACHNOID CELLS - AN INTRODUCTION 
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Meningiomas are relatively common tumors encountered 
intracranially in Hong Kongr where they comprise about 30% 
of all primary central nervous system tumors (Ng et al 
1988; Ng, Tse & Gwi 1991) . This incidence is significantly 
higher than what is usually quoted for the frequencies of 
meningiomas from the west which range from 13-18% of 
primary central nervous system tumors (Cushing 1932 Weller 
1983; Bradac, Ferszt & Kendall 1990; Ng, Tse & Gwi 1991). 
Similar high incidence of meningiomas was also recorded in 
Taiwanese Chinese by Kepes (1984) but not by other workers 
from mainland China (Cheng 1982; Huang et al 1982 Xue et 
al 1990). 
The bulk of evidence suggests that meningiomas arise from 
arachnoid cells which line the leptomeninges and the 
arachnoid villi, and which they resemble morphologically, 
imniunohistochemically and ultrastructurally (Russell & 
Rubinstein 1989; Ng, Tse & Lo 1987; Yamashima, Kida & 
Yamato 1988). The relationship between meningiomas and 
arachnoid cap cells has recently been reviewed (Russell & 
Rubinstein 1989; Kepes 1986; Yamashima, Kida & Yamato 
1988). 
Histology of meningiomas 
The histologic features of meningiomas are extremely versa-
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tile. The classical meningiomas are made up of a 
characteristic cell type which is a close replica of the 
arachnoid cells in the leptomeninx. The cells are closely 
apposed or even enwrapped upon one another, have fine 
nuclear chromatin and indistinct cytoplasmic borders, and 
may form themselves into cellular sheets of cells called 
syncytia. Pseudonuclear inclusions, which are cytoplasmic 
invaginations in the nucleus, are often seen. The 
classical meningiomas are divided into meningotheliomatous, 
transitional and fibroblastic subtypes, depending on how 
far the histologic pattern resemble epithelia or the 
mesenchyme. Further discussion of the histologic pattern 
of meningiomas will be described in chapter two. 
Structure of the arachnoid mater 
The origin, structure and function of the arachnoid mater, 
from which meningiomas arise, have recently been reviewed 
(••Rahilly & Muller 1986; Russell & Rubinstein 1989,. Haines 
& Frederickson 1991; Ramasay & Robertson 1991)• 
The arachnoid mater follows the contours of the dura and is 
closely related to the pia mater and many workers believe 
them to constitute a single histologic membrane, the 
leptomeninx. Electron microscopically, the fibrous 
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connective tissue of the inner dura is gradually replaced 
by a layer of modified fibroblasts, the dural border layer, 
which in turn is attached to another layer of cells, the 
arachnoid barrier layer. The former is made up of cells 
closely attached to the dura by collagen fibrils while the 
latter consists of compact tiers of tightly packed cells 
with interdigitating processes and tight junctions, gap 
junctions and intermediate junctions. Cells of the dural 
border layer, in spite of their fibroblast-like appearance, 
possess occasional desmosomes, while the arachnoid barrier 
layer cells also contain occasional lysosomes, lipid 
droplets and microfibrils, i.e. some mesenchymal features. 
These two layers of cells combined are called dura-
arachnoid interface layer (Schachenmayr & Friede 1978). 
The dura-arachnoid interface layer is attached to the pia 
by trabeculae or continuous sheets of arachnoid cells. 
Within this space, such trabeculae are composed of 
fibroblast-like leptomeningeal cells closely applied to 
collagen bundles and joined together by desmosomes and gap 
junctions (Alcolado & Weller 1988). Clusters of free 
collagen fibrils can also be seen lying in the 
11
 subarachnoid space". These arachnoidal trabeculae 
terminate internally in a single, interrupted layer of pial 
cells. A subarachnoid space probably does not exist in the 
restricted sense of a specialized arachnoid cells-lined 
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channel exclusively containing cerebrospinal fluid 
(Schachenmayr & Friede 1978) • However, the lowermost of 
these cells have been described to be separated —from the 
subarachnoid space by a thin basal lamina by some authors 
(Kepes 1982; Haines & Frederickson 1991) but not by others 
(Schachenmayr & Friede 1978; Alcolado & Weller 1988). A 
subdural space does not exist under normal conditions and 
artifactual cleavage occurs within the dural border layer 
in pathologic conditions, 
The arachnoid villi 
The arachnoid mater forms specialized projections, the 
arachnoid villi, in the dural sinuses. Their structures 
have been recently reviewed by Kida et al (1988) and 
Yamashima, Kida & Yamato (1988). Basically, they compose 
of a fibrous capsule, an arachnoid cell layer and a central 
core continuous with the general subarachnoid space. 
The fibrous capsule is a reflection from the dura mater and 
is closely applied to endothelial cells at its luminal 
border. Histologically, arachnoid villi are very similar 
to meningiomas with whorls of spindle to round cells with 
fine nuclear chromatin and indistinct cellular borders. 
Ultrastructurally, the arachnoid cell layers consist of 
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cells with interdigitating processes rich in cell 
junctions, intermingled with connective tissues. The 
extracellular spaces among arachnoid cells oftencontained 
abundant collagen fibrils and fine granular materials. 
They may form microcores of matrix vesicles which lead to 
precipitation of hydroxyapatite crystals and psammoma 
bodies formation. Sometimes, large extracellular spaces 
become confluent to become cisterns which appear to form 
outflow channels of cerebrospinal fluid (Yamashima, Kida & 
Yamamoto 1988)• The central core is continuous wi the 
subarachnoid space and contains arachnoid cells 
intermingled with connective tissues. 
Functions of arachnoid cells 
Functionally, the arachnoid cells are unique and have no 
parallel in other organs of the body. Kepes (1986) 
suggested that arachnoid cells might represent ^ 
pluripotential cells with both mesenchymal and epithelial 
properties. On one hand, they have enwrapping cytoplasmic 
membranes and perform lepidic functions similar to 
epithelial and mesothelial structures. However, unlike 
them, they do not form a contiguous uninterrupted lining or 
a basal lamina and are continuous with both their adjacent 
tissue strata, i.e. dura and pia, as described above. On 
20 -
the other hand, the arachnoid mater has important 
structural roles. Together with the dura, they act as 
coverings of the neuraxis, protecting, supporting and 
cushioning the underlying neurons and glia (Rutka et al 
1986; Russell & Rubinsteip 1989). 
Moreoever, functionally, arachnoid cells have a charac-
teristic mesenchymal response to injuries (Russell & 
Rubinstein 1989; Ramsay & Robertson 1991)• Their reaction 
to infection, trauma and neoplastic infiltrations is 
characteristically fibroblastic. In subdural hematoma, the 
inner pseudomembrane is formed by fibroblastic cells 
apparently deriving from cells bordering on the arachnoid 
(Friede & Schachenmayr 1978). Again, in pyogenic 
infections, activated arachnoid cells take on the 
appearances of fibroblasts, synthesizing collagen and other 
connective tissue elements to cause thickening and fibrosis 
of the meninges (Ramsay & Robertson 1991)• By the same 
token, in ageing, the leptomeninges appear grey, fibrotic 
and thickened and may undergo calcifications or even 
osseous metaplasia. Changes in the meningeal blood vessels 
include ferruginous calcific deposits and amyloid 
deposition, all these being mesenchymal reactions (Ramsay 
& Robertson 1991)• 
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The embrvoloaic origin of the arachnoid cells 
The embryologic origin of the leptomeninges has been a 
subject of continued controversy. Some authors believe 
they could be derived frojn the neural crest (Gil & Ratto 
1973,. Kepes 1982) . Others regard them as of mesodermal 
origin (Kepes 1982; Rubinstein 1972; Snell 1983). The 
present consensus opinion seems to favour a predominantly 
mesodermal origin with contributions from the neuroectoderm 
(O'Rahilly & Muller 1986; Russell & Rubinstein 1989; Raines 
& Frederickson 1991; Ramsay & Robertson 1991). They are 
described to arise from several sources, including the 
prechordal plate, unsegmented (parachordal) and segmented 
(somitic) paraxial mesoderm (Franke et al 1983; O'Rahilly 
& Muller 1986; Russell & Rubinstein 1989; Ramsay & 
Robertson 1991)• Cells from the neural crest help to form 
the pia of the occipital part of the hind brain and the 
spinal pia. The periosteum of the frontal bones, which is 
of mesodermal origin, forms the falx cerebri while cells 
from the nasal septum, believed to derive from the neural 
crest, contribute to the falx (O'Rahilly & Muller 1986; 
Russell & Rubinstein 1989). The neural crest derivation of 
some of the meningeal cells presumably provides them with 
an ectomesenchymal potential which in certain aspects 
points to a relationship with other cells of neural crest 
origin, namely Schwann cells and melanocytes. 
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The different origins of the arachnoid cells and the multi— 
potentialilty of their functions ” are reflected in the 
different histologic and cytologic varieties of neoplasms 
that make up that group of meningiomas. 
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Conclusion of chapter 1 
From the literature presented, the bulk of evidence 
suggests that meningiomas, are derived from the arachnoid 
bells, which they resemble closely. The arachnoid cells 
form a rather poorly defined layer between the dura and pia 
but they are more easily visible in the arachnoid 
granulations, where they are assembled into organized 
structures between the endothelia and the cerebrospinal 
fluid. Central to the theme of this thesis is the fact 
that arachnoid cells are mainly derived from the mesoderm 
and exhibit morphologic, in terms of their connective 
tissue contents, and functional characteristics resembling 
mesenchymal cells in general. However, in keeping with 
their special function as CSF-endothelia interface, they 
have developed special structures, in the form of various 
cell junctions, i.e structures normally regarded as 
epithelial in nature. 
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CHAPTER 2 
MESENCHYMAL AND EPITHELIAL DIFFERENTIATION IN MENINGIOMAS 
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Meningiomas, like their progenitor cells the arachnoid 
cells, are well known to exhibit dual epithelial and mesen-
chymal differentiation. These will be discussed in terms 
of their histologic subtypes, ultrastructural features and 
immunohistochemical characteristics• 
The classical types of meningiomas, the meningothelio-
matous, transitional and fibroblastic are distinguished by 
their relative degree of epithelial and mesenchymal 
differentiation : the meningotheliomatous meningiomas are 
characterised by cohesive sheets or syncytia of epi helial— 
like cells while spindle-shaped fibroblastic cells typify 
the fibroblastic meningiomas (Zulch 1979) (Figures 1-2)• 
The latter are also characterised by deposits of collagen 
and reticulin. Transitional meningiomas consist of 
mixtures of cells with syncytial as well as fibroblastic 
features and a tendency to form concentric whorls (figure 
3)• In addition, meningiomas may exhibit a bewildering 
spectrum of morphologic patterns, which have been 
extensively reviewed by Russell & Rubinstein (1989), 
Scheithauer (1990), Bradac, Ferstz & Kendall (1990) and 
Burger, Scheithauer & Vogel (1991)• Here, only a few 
subtypes relevant to the overall theme of this thesis will 
be discussed. 
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Meningiomas with predominantly epithelial dlfferenti at-i ^ 
1. Clear cell meningioma : This special variant of 
meningioma consists of polygonal cells with clear 
cytoplasm and bears a striking similarity to renal 
cell carcinoma (figure 4) . it has received only 
scanty mention in the literature (Scheithauer 1990)• 
They merge with the classic meningiomas 
histologically. 
2. Secretory meningioma : This tumor exhibits glandular 
metaplasia as evidenced by the formation of acini 
containing PAS- positive secretions. They were 
described as hyaline inclusions or pseudopsammoma 
bodies by Kepes (1975) and this variant was 
subsequently termed secretory meningioma by Alguacil-
Garcia, Pettigrew & sima (1986). Carcinoembryonic 
antigen (CEA) and cytokeratins are often strongly 
positive immunohistochemically and ultrastructurally, 
they demonstrate intracytplasmic lumina lined by 
microvilli (Alguacil-Garcia, Pettigrew & Sima 1986; 
Ng, Tse & Lo 1987; Winek, Scheithauer & Wick 1989) 
(figure 5)• 
3. Chordoid meningioma : These meningiomas, exhibiting 




Fig.3 Transitional meningioma (H&E, X300) 
Fig. 4 Clear cell meningioma (H&E, X300) 
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fashion, may mimic chordomas. They may be associated 
with lymphoplasmacytic infiltrates, which may lead to 
a Castleman-like syndrome (Kepes et al 1988,-
Scheithauer 1990) . Ultrastriicturally, they may 
possess microvillous structures but they do not appear 
to exhibit more epithelial immunohistochemical 
properties than the classic meningiomas. 
4 • Pseudoglandular meningiomas : A very rare case of 
glandular changes occurring in a conventional 
meningioma was also described by Kepes, Goldware & 
Leoni (1983). 
Meningiomas with predominantly mesenchymal differen-
tiation 
1. Lipoblastic (lipomatous ) and microcystic meningioma 
:These tumors are thought to derive from metaplasia 
towards adipocytes in meningothelial cells (LeRoux et 
al 1989; Lattes & Bigotti 1990) . It has been 
suggested that lipoblastic meningiomas are equivalent 
to microcystic meningiomas (Lattes & Bigotti 1990)• 
However, this is not the experience of this author and 
others (Ng, Tse & Lo 1989, Ito et al 1991) as the 
latter tumors are characterised by cisterns of myxoid 
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materials and vacuolated meningothelial cells instead 
of mature adipocytes. A case of lipomatous meningioma 
examined by this author revealed immunostaining for 
epithelial membrane antigen in the fat containing 
cells (figure 6) , i.e. these cells are essentially 
meningothelial in nature similar to other meningiomas 
(see chapter 7). 
2. Hemangiopericytic meningioma : This well-characterised 
t u m o r
 has been the subject of irvtense corrtiroveirsy• 
Histologically, it is similar to the soft, tissue 
hemangiopericytoma (figure 7). Some believe that it 
is biologically identical to soft tissue hemangio-
pericytoma and arise from pericytes of meningeal 
vessels unrelated to arachnoid cells (Begg & Garrett 
1954). However, others claim that its features often 
overlap with the classic meningiomas (Pitkethly et al 
1970; Iwaki et al 1988; Russell & Rubinstein 1989). 
Immunohistochemically, it has been found to be 
epithelial membrane antigen (EMA) negative ( waki et 
al 1988; Ng, Tse & Lo 1988; Winek, Scheithauer & Wick 
1989), in contrast to the classic meningiomas (see 
chapter 7)• It also often runs an aggressive clinical 
course (Mena et al 1991). 
3 • Metaplastic bone and cartilage in meningioma : This 
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can occur, albeit with rarity, in otherwise classic 
meningiomas (Russell & Rubinstein 1989)• 
4. "Meningeal sarcoma" : Frank malignancy developing in 
meningeal tumors often assume sarcomatous morphology. 
Sometimes, they conform to known patterns of sarcomas 
I ' 
e.g. rhabomyosarcoma, fibrosarcoma, but often, thev / 
are undifferentiated sarcomas, which defy further 
typing (Russell & Rubinstein 1989; Scheithauer 1990). 
5. Papillary meningioma : A papillary type of meningioma 
was first described by Cushing & Eisenhardt (1938) in 
their patient Dorothy May Russell, who underwent 17 
operations for a papillary meningeal tumor and finally 
died with pulmonary metastases. This variant of 
meningioma, with a papillary or pseudopapillary 
appearance, is now well known to have a locally 
aggressive nature with a propensity for late distant 
metastases (Kepes, McGee & 1971; Ludwin, 
Rubinstein & Russell 1975; Pasquier et al 1986). 
Although superficially, it seems more logical to place 
this tumor under meningiomas with predominant 
epithelial differentiation, careful examination of 
published materials suggest that the papillae lack the 
epithelial qualities of usual papillary epithelial 
tumors and often merge morphologically with the 
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meningeal hemangiopericytoma, with which it shares a 
poor prognosis (Russell & Rubinstein 1989; Scheithauer 
1990). This author had one case in his file which 
confirmed the findings of these authors (figure 8). 
is therefore categorised here as a meningioma with 
predominantly mesenchymal differentiation. 
6. Sclerosing meningioma of childhood : Davidson & Hope 
(1989) described a series of meningiomas occurring in 
children with a characteristic sclerosing pattern and 
often underlyig brain invasion. In spite of the last 
feature, their prognosis did not differ from classic 
meningiomas. 
7. Meningeal tumors with unusual mesenchymal properties 
:Chen, Kepes & Teglbjaerg et al (1985) described two 
otherwise typical meningiomas containing polyvinyl-
pyrrolidone (PVP) granules, an inert chemical used 
industrially as well as in hair sprays, with extensive 
mucoid degeneration. The ability to ingest this 
substance is shared only with cells of mesenchymal 
origins, fibroblasts, histiocytes, mesangial cells, 
osteocytes and chondrocytes. Kepes et al (1986), in 
addition, described a typical meningioma forming 
rheumatoid nodules in a patient with rheumatoid 
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Fig- 5 Secretory meningioma (H&E, X300) 
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Fig. 6 Lipoblastic meningioma stained for epithelial membrane antigen, which 
outlines the fat-forming cells (ABC method, X300) 
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Fig- 7 Hemangiopericytic meningioma (H&E, X60) 
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Fig. 8 Papillary meningioma. The papillae of these tumors do not exhibit the true 
epithelial qualities of other papillary neoplasms; other areas reveal a 
hemangiopericytic pattern (H&E, X60) 
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arthritis, a function previously only noted in fibro-
histiocytic cells in the soft tissues. 
Ultrastructural appearance of menincriomas 
Most observers agree that the classic variants of menin-
giomas, meningotheliomatous, transitional and fibroblastic 
meningiomas, exhibit similar ultrastructural features 
(Kepes 1961; Kepes 1982; Humeau et al 1979; Russell & 
Rubinstein 1989). Typical features include prominent 
interdigitations of the plasma membranes of adjacent cells 
with frequent presence of desmosomes and heitiidesmosomes, a 
feature often used to support the epithelial 
differentiating characteristic of meningiomas. 
ntracytoplasmic intermediate filaments have been shown by 
immunohistochemical staining and wo-dimensional gel 
electrophoresis and immunoblot analysis to be vimentin 
(Kartenbeck et al 1984; Schwechheimer et al 1984; Halliday 
et al 1985). 
Apart from ultrastructural features pertaining to 
epithelial differentiation, meningeal cells also possess 
ultrastructural characteristics of mesenchymal cells. 
Meningioma cells are often spindle-shaped and electron 
dense with well-developed rough endoplasmic reticulum 
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filled with granular and floccular matrix materials• in 
addition to collagen, intercellular deposits of basal 
lamina materials, sometimes arranged in tiers, have been 
observed in meningiomas other than fibroblastic meningiomas 
(Horten et al 1977; Yamashima, Kida & Yamamato 1988; 
Russell & Rubinstein 1989). ntracytoplasmic fibrillary 
structures thought to be tropocollagens were also observed 
by Humeau et al (1979). Meningothelial whorls, though 
consisting of cells with interdigitating processes and 
desmosomes, are surrounded by collagen fibers, elastic 
fibers, microfibrils, finely reticulated extracellular 
matrix as well as fragments of basal lamina (Kubota et al 
1984a; Kubota et al 1984b) , Moreover, psammoina bodies, 
typically formed in the center of the meningothelial 
whorls, are thought to derive from budding or detachment of 
degenerated cytoplasm, the latter forming extracellular 
granular matrix which later calcifies (Lipper et al 1979; 
Kubota et al 1984a; Kubota et al 1984b)• The investment of 
meningioma cells by basal laminae are particularly well 
seen in tumor cells whorling around blood vessels (Kubota 
et al 1985). 
The controversy surrounding the fine structure of hemangio-
pericytic meningiomas reflects the ongoing uncertainty 
regarding its origins and relationship with classic 
meningiomas. There is wide agreement that hemangioperi-
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cytic meningiomas lack epithelial differentiation ultra-
structural ly :they lack complex cytoplasmic interdigi-
tations and desmosomes, possess fragments of basal ,lamina 
materials and may contain cytoplasmic dense bodies 
indicative of smooth muscle differentiation (Popoff, 
Malinin & Rosomoff 1974; Pena 1975). However, Rubinstein 
(Russell & Rubinstein 1989) argued that on its own, these 
ultrastructural features were not specific for hemangio-
pericytic meningiomas and overlapped with those of classic 
meningiomas. He also demons rated that focal deposijbs of 
dense cytoplasmic aggregates of filamentous materials, 
identical to dense bodies usually described as evidence of 
smooth muscle differentiation in hemangiopericytic 
meningiomas, could also be found in typical transitional 
meningiomas• 
Immunohistochemistrv of meningiomas 
Briefly stated, immunohistochemistry is the application of 
immunologic principles and techniques to the study of cells 
and tissues• The original methods of immunofluorescence of 
Coons have been replaced by more sensitive antigen-antibody 
detection systems which, together with the development of 
hybridoma techniques and the use of monoclonal antibody 
labelling, render immunohistochemistry an important and 
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accurate tool in the diagnosis and understanding of tumors. 
The techniques can now be applied to routinely processed, 
paraffin-embedded sections, cytologic materials,, cell 
cultures and electron microscopy. 
The immunohistochemical properties of meningiomas are 
particularly valuable for the elucidation of its dual 
epithelial and mesenchymal properties and their relation-
ship to he arachnoid cells. On the mesenchymal side, 
meningiomas were described to contain vimentin intermediate 
filaments (Schwechheimer et al 1984; Ng, Tse & Lo 1987/ 
Ng, Tse & Lo 1989; Russell & Rubinstein 1989). Observations 
were also made that he vimentin filaments, like he 
cytokeratin intermediate filaments of epithelial cells, are 
firmly anchored onto desmosomes, a characteristic shared by 
normal arachnoid cells (Schwechheimer et al 1984; Karten-
beck et al 1984)• They were thought to be tonofilaments 
before the advent of intermediate filament iminunohisto-
chemistry (Franke et al 1983). The combination of vimentin 
filaments with desmosomal plaque protein (desmoplakins) 
seems to represent a diagnostic feature which may be 
singular to meningiomas (Kartenbeck et al 1984; Russell & 
Rubinstein 1989)• Because of their rich desmosomal 
contents, meningiomas are also shown to be positive for 
desmoplakins, membrane-bound proteins at the desmosomal 
junctions (Schwechheimer et al 1984; Hitchcock & Morris 
I 
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1987,• Parrish et al 1987; see chapter 7). 
On he basis of their contents of vimentin filaments and 
desmosomes, Kartenbeck et al (1984) have suggested that the 
coexpression of desmosomal and vimentin proteins defines a 
new class of cells, termed "desmofibrocyte" thus conferring 
a unique epithelial-mesenchymal character to the meningo-
helial cells. However, this has not taken into consi-
deration the heterogeneity of tumor types that are stained 
positive by vimentin, including astrocytomas (McGuir : Ng 
& Lee; Russell & Rubinstein 1989; True 1990). 
However, one major aspect of mesenchymal nature of tumor, 
the extracellular matrix protein content, has only been 
scantily investigated in the past. The significance of the 
production of these proteins will be described in chapters 
3, 7 Sl 9. 
On the epithelial side, apart from desmoplakins mentioned 
above, we were one of the first groups to demonstrate 
epithelial membrane antigen as a major epithelial marker in 
meningiomas (Theaker et al 1986; Meis, Ordonez & Brunner 
1986; Schnitt & Vogel 1986; Ng, Tse & Lo 1987; Ng Tse & Lo 
1989). Staining is usually membranous but occasionally, 
the staining can be cytoplasmic (Perentes 1989)• However, 
it must be borne in mind that EMA is not specific for 
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epithelial tumors. Apart from perineuriomas and certain 
lymphomas, it also stains mesenchymal tumors with 
epithelial-like features, e.g. synovial sarcomas, 
epitheloid sarcomas (Enzinger & Weiss 1988; Battifora 1990 
Leong 1990)• 
Secretory meningiomas, a special type of meningiomas with 
multiple intracellular pseudopsaxnmoma inclusions, exhibit 
more epithelial differentiation and are usually strongly 
positive for carcinoembryonic antigen (CEA) in addition to 
cytokeratins (Ng, Tse & Lo 1987; Algaucil-Garcia, Pettigrew 
& Sima 1986)• The staining for cytokeratins in meningiomas 
will be dealt with in a separate section below. CEA may 
also be detected in the serum in secretory meningiomas 
(Louis et al 1991)• In addition, secretory meningiomas are 
strongly positive for the human secretory component and for 
IgM and IgA (Budka 1982; Alguacil-Garcia, Pettigrew & Sima 
1986). 
Antigens which are not usually identified immunohisto-
chemically include glial fibrillary acidic protein, desmin 
and Leu-7• In keeping with the partial neural crest 
origin of the leptomeninges (see chapter 1), a proportion 
of meningiomas are S100 protein positive, a protein usually 
but not exclusively detected in neurons and neuroecto-
dermal ly derived tissues. Such reactivity severely limits 
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its use in differentiating meningiomas from schwannomas, 
the major differential diagnosis encountered in pathologic 
practice (Tabuchi et al 1984; Meis, Ordonez & Brunner: 1986; 
Burger, Scheithauer & Vogel 1991)• 
The well-known high incidence of meningiomas in women 
prompted numerous studies on steroid receptors in 
meningiomas (Russell & Rubinstein 1989)• Both estrogen and 
progesterone receptors were identified but a detailed 
discussion of this topic lies outside the main theme of 
this study. 
Cvtokeratin immunoreactivity in meningiomas 
In spite of its capacity for epithelial differentiation, 
immunoreactivity of meningiomas for the cytokeratins, the 
intermediate filament highly characteristic of epithelial 
tissues, is controversial. Many studies have been 
performed previously including some from this author. They 
have produced conflicting results, which have been 
summarised in table 1. 
As can be seen from table 1, there are wide differences in 
the results obtained from different workers. To this 
author, the apparently contradictory nature of the results 
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probably stems from the fact that there has been wide 
variation in the methodology adopted in terms of tissue 
preparation, the type of cytokeratin antibodies used, the 
sensitivities of the immunohistochemical detection system 
employed, and the type of meningiomas tested. And in some 








































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































In general, studies utilizing paraffin embedded sections 
only (Halliday et al 1985; Alguacil-Garcia et al 1986; 
Schnitt et al 1986; Schwechheimer 1986; Theaker et al 1986; 
Hitchcock & Morris 1987; Ng, Tse & Lo 1987, 88, 89; Winek 
* / 
Scheithauer & Wick 1989) produced largely negative results 
except in secretory meningiomas, which are well known to 
possess more prominent epithelial differentiation than 
classic meningiomas (see under chapter 2). The exceptions 
with reasonably sized series were Meis, Ordonez & Brunner 
(1986), Holden et al (1987) , Hitchcock & Morris (1987> and 
Artlich & Schmidt (1990)• 
Using polyclonal antiserum to cytokeratin produced highly 
variable results : Yung et al (1984) »s 5/5 positivity to 
Alguacil-Garcia et al (1986) «s 0/11. Some of the older 
studies (Yung et al 1984; Kartenbeck et al 1984; Schwech-
heimer et al 1984) also utilized the indirect immuno-
labelling techniques including immunofluorescence, which 
are now less often performed in tumor immunostainining. 
There has been no large series of meningiomas where frozen 
sections were examined with a panel of anti-cytokeratin 
antibodies. 
In spite of the variable results by various authors on 
cytokeratin immunohistochemistry in meningiomas, conven-
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tional teaching regards meningiomas other than secretory 
meningiomas negative for cytokeratin when tested with 
routine procedures (Rosai 1989; Battifora 1990; Burger, 
Scheithauer & Vogel 1991)• 
The arachnoid cells, the progenitor cells of meningiomas, 
were negative for cytokeratin on paraffin sections (Ng, Tse 
& Lo 1987; Kida et al 1988). 
One of the aims of this study is o to attempt to clarify 
the controversy surrounding cytokeratin immunoreactivity 
in meningiomas using more than one cytokeratin antibody and 
a methodology resulting in the optimal preservation of 
tissue antigens. The presence or absence of cytokeratin in 
meningiomas is an important indication of epithelial or 
non-epithelial differentiation in tumors. The finding will 
also be of diagnostic importance, as occasional menin-
giomas, because of their epithelial-like nature, can be 
confused with metastatic carcinomas, where one would expect 
to find cytokeratin positivity. 
In vitro immunohistochemistry of meningiomas 
The technique of tissue culture is useful because it 
provides investigators with the opportunity of studying 
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living cells under special conditions of biologic 
simplifications and tumors may exhibit differentiating 
potentials otherwise not obvious with direct histology. 
The tissue culture characteristics of meningiomas have been 
described and reviewed (Bland & Russell 1938; Russell & 
Rubinstein 1989; Escalona-Zapata 1990). 
Usually cultured meningioma cells grow rapidly in a 
uniform, radial manner. Most cells are elongated, bipolar 
with eosinophilic, slightly curved cytoplasm, which ^ have 
been described to be fibroblasts- or mesenchyme- like. 
Whorl formations in tissue cultures are often seen. Tumor 
cells often contain granular cytoplasmic matrix. There is 
no significant difference in culture appearance between 
meningotheliomatous
 f fibroblastic and transitional 
meningiomas. They all quickly become fibroblastic whatever 
their initial arrangement (Costero et al 1955)• The issue 
culture characteristics of meningiomas will be further 
elaborated on in chapter 7• 
There have been scanty descriptions of the immunohisto-
chemical properties of cultured meningioma or arachnoid 
cells. Frank et al (1983) described cytokeratin posi-
tivity in arachnoid cells grown in culture. Lolait et al 
(1984) and Kawano et al (1988) described vimentin 
positivity while the latter also demonstrated desmin 
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immunoreactivity in cultured hemangiopericytic meningioma 
cells. In the latter, there were neither whorl formations 
or, ultrastructurally, desmosomes or junctional complexes. 
Such findings were regarded as evidence confirming the 
association of hemangiopericytic meningiomas with muscle 
dells, vascular and perivascular tissues rather than with 
arachnoid cells. However, these findings are not universal 
and Muller & Mealey (1971) were able to identify classical 
meningotheliomatous whorls in hemangiopericytic meningioma 
culture. 
Rutka et al (1986a, b) examined the immunohistochemical and 
ultrastructural characteristics of both normal 
leptomeninges and meningioma cultures. In particular, the 
extracellular matrix contents of tumor cells as well as 
culture fluids were examined. All cell lines stained for 
fibronectin, laminin, type IV collagen and procollagen type 
III. Further discussions of the significance of 
extracellular matrix proteins and meningiomas will be 
discussed in chapter 3. 
As described above, there has been much uncertainty 
concerning the presence of cytokeratin in meningiomas when 
tumor tissues are examined directly. Frank et al (1983) 
reported immunofluorescence of arachnoid cell culture for 
cytokeratins but Kartenbeck et al (1984) were unable to 
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desmontrate cytokeratin immunoreactivity in a group of 
meningioma cell cultures (number and histologic types of 
tumors unstated) with a polyclonal antibody to bovine 
epidermal prekeratins and a monoclonal antibody (KG8.13) 
which possessed a broad spectrum cytokeratin 
immunoreactivity. 
However, they did concede that when immunoelectron 
microscopy was performed, occasional cells might show 
immunoreactivity. 
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Conclusion to chapter 2 
v 
This chapter presented information and literature related to 
the main theme of this thesis : epithelial and mesenchymal 
differentiation in meningiomas, with emphasis on the immuno-
histochemical aspects. It can be seen that meningiomas are 
almost unique as far as tumors in man are concerned, 
exhibiting a wide spectrum of morphologies which demonstrate 
their potential for differentiation towards epitheli^; and 
mesenchyme. 
Immunohis ochemically, such properties have been charac-
erised to a certain ex ent. The predominant intermediate 
filaments appear to be vimentin and they have been shown to 
anchor onto desmosomal plaques at the cellular borders. 
However, uncertainties and contradiction exist, partly due 
to a lack of study utilizing frozen tissues, especially with 
regard to the cytokeratin, the intermediate filament 
generally regarded as most characteristic of epithelial 
differentiation. In particular, the potential for examining 
immunohistochemically the differentiating capabilities of 
meningiomas in an in vitro system has not yet been made the 
most use of. 
- 5 4 -
CHAPTER 3 
THE EXTRACELLULAR MATRIX PROTEINS - THEIR PROPERTIES AND 
SIGNIFICANCE IN TUMOR BIOLOGY 
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One of the main aims of this study is to examine the 
extracellular matrix protein contents of meningiomas, 
which have only been occasionally investigated by previous 
researchers. The significance of such examination lies in 
the fact the extracellular matrix proteins represent one of 
the most important characteristics of mesenchymal tissue. 
The extracellular matirix Piroteins — an introduction 
- • • • , 
Connective tissues consist of cells and extracellular fibers 
embedded in a gel-like ground substance or matrix rich in 
tissue fluid. Traditionally, the fibers have been 
considered to be of three kinds : collagen fibers, reticular 
fibers and elastic fibers. The collagens and reticular 
fibers have now been found to be different morphological 
forms of he same fibrous protein, collagen. It is still 
useful to retain the term reticular fiber for bundles of 
fibers 50nm or less in diameter and the term collagen fiber 
for larger bundles consisting of unit fibrils 50 to 150 nm 
in diameter. The term "extracellular matrix proteins" now 
embraces the different types of collagen, the noncollagenous 




Collagen is now recognised as a family of a least 12 
different subtypes (Dublet & van der Rest 1987; Gordon 1987; 
Miller & Gray 1987). Type I collagen is found in abundance 
ih skin, bone, tendon and cornea. It occurs in striated 
fibrils 20 to 100 nm in diameter and aggregates to form 
larger collagen fibers. Type III collagen is abundant in 
loose connective tissue, blood vessel walls, dermis of skin 
and stroma of various organs. It consists of slender 40 nm 
fibers that form an important component of the fibers 
traditionally called reticulxn. Fibroblasts can elaborate 
both type and III collagens (Fawcett 1986; Ueda 1989) . In 
addition, osteoblasts, chondroblasts, odontoblasts also 
produce collagen I and smooth muscle cells, Schwann cells 
and fibrohistiocytes can produce type III collagen (Leeson, 
Leeson & Paparo 1985; Fawcett 1986)• 
Each collagen molecule consists of three polypeptide chains 
called "alpha chains", each with a molecular weight of about 
95 kD, which together form a triple-helical domain measuring 
roughly 300 X 1.5 nm. Each collagen type is characterised 
by alpha chains with specific amino acid sequences. 
Although the amino acid sequences of the alpha chains differ 
from one collagen type to another, these molecules are all 
helical, contain glycine in every third position (except 
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type IV collagen), and are enriched in hydroxyproline (Rutka 
et al 1988). 
Details of the synthesis of collagen I fibers have been 
known to biochemists (Fawcett 1986; Rutka et al 1988). 
Briefly, it involves translation of specific mRNA with the 
production of long procollagen polypeptide chains, which 
have nonhelical amino- and carboxy-terminal extensions. 
Disulphide bridges link the chains and promote formation of 
the triple helix. The procollagen molecules are then 
secreted into extracellular spaces through the Golgi 
apparatus. During secretion, specific peptidases either on 
the cell surface or in the extracellular space are secreted 
along with the procollagens to catalyze the hydrolysis of 
the N-terminal segments, leaving the mostly helical central 
portion of the molecule as collagen monomer (tropocollagen) • 
In tropocollagens, all but a small portion of the residues 
at the two ends of the chains are in a triple helix. 
Further hydrolysis cleaves the ends and the collagen 
monomers can associate side by side to polymerise into 
larger fibrous structures and cross-link to form the mature 
collagen. 
Type IV collagen is the major constituent of basement 
membranes. It is bound intimately to laminin in the basal 
lamina and forms the scaffold of the lamina densa (Courtoy, 
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Timpl & Farquhar 1982) but it can be found in lamina rara as 
well (Fawcett 1986). It has segments in its polypeptide 
chain that do not contain glycine in every third position, 
unlike collagen types, and contains more 3-OH proline and 
more hydroxylysine than other collagens. It is produced by 
endothelial cells, epithelial cells, smooth muscle cells and 
Schwann cells but not by dermal fibroblasts (Carey et al 
1983; Enzinger & Weiss 1988; Martinez-Hernandez & Amenta 
1983; Ueda & Nakanishi 1989) . It can also be localised 
immunohistochemically in a range of soft tissue tuiriprs, 
including schwannomas, vascular tumors and smooth muscle 
tumors (Ogawa et al 1986)• 
Type V collagen was first isolated from placenta and is 
localised outside the basement membrane and in association 
with chondrocytes and smooth muscle cells. In pathologic 
states, type V collagen is produced in atherosclerotic 
plaques, in hypertrophic scars and in desmoplastic stromal 
tissues accompanying invasive carcinoma (Ehrlich & White 
1981; Ooshima 1981; Barsky et al 1982). 
The noncollaaenous glycoproteins 
The nonco1lagenous glycoproteins are relatively large 
compounds (molecular weight 100 kD) that either bind 
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directly to cells to mediate their effects or link cells to 
o her extracellular matrix protein macromolecules. They 
include laminin, fibronectin, entactin and vitronectin. 
They are the secretion products of connective tissue cells, 
especially fibroblasts (Leeson, Leeson & Paparo 1985). 
Laminin, an 800-kD noncollagenous glycoprotein, is an 
important attachment factor to basement membrane between 
epithelial cells and collagen types. It possesses a cross-
shaped molecule. with one long and three short arms ^ with 
domains which bind collagen, tumor cells, hepatocytes and 
heparin (Cotran, Kumar & Robbins 1989)• Apart from the 
epithelial cells, it is also found in basement membrane of 
smooth and skeletal muscle cells, adipose cells and Schwann 
cells (Foidart et al 1980; Ekblom et al 1982)• 
Laminin is immunlocalised to to the lamina lucida (Foidart 
et al 1980), and is though to play a role in cell adhesion, 
growth and differentiation (Darmon 1982)• it may also be 
involved in tumor invasion and metastasis (Liotta, Rao & 
Barsky 1983). Altera ions in several basement membrane 
components, including laminin, have been identified 
immunohistochemically in invasive carcinomas (Albrechtsen et 
al 1981; Burtin et al 1982; Barsky 1983). 
Fibronectin is a group of structurally and immunologically 
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related glycoproteins found in connective tissue, in basal 
laminae of epithelia, and on the surfaces of many cells 
(Sanes & Cheney 1982; D'Ardenne et al 1983), although its 
location in the basal lamina has been questioned (Boselli et 
al 1981)• It is thought to promote adhesion and spreading 
of cells, especially fibroblasts, by linking them to 
collagen substrates or other artificial surfaces. Tissue 
fibronectin is synthesized by fibroblasts (Fawcett 1986)• 
The fibronectin molecule is composed of two identical 2^0-kD 
subunits held together by disulfide bonds. The protein 
chain of each subunit forms an elongated structure 60-70 nm 
long and 2 to 3 nm thick that is subdivided into a series of 
small domains, each containing a tightly folded protein 
chain (Hynes & Yainada 1982) . Each domain is responsible for 
one of fibronectin»s binding functions. Fibronectin is 
synthesized by a variety of cells other than fibroblasts, 
including Schwann cells, chondrocytes (Hynes & Yamada 1982; 
Liesi, Kirkwood & Vaheri 1986)• 
The glycosaminoglycans were formerly known as mucopoly-
saccharides and include hyaluronic acid, dermatan, dermatan 
sulfate, chondroitin, chondroitin sulfate, heparan and 
heparan sulfate. A proteoglycan is formed when chains of 
glycosaminoglycans are glycosidically linked to the hydroxyl 
groups of serine or threonine residues on a core of protein 
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molecule that in turn is linked to hyaluronic acid. By 
interacting with hyaluronic acid and linking proteins, 
proteoglycans can form very large complexes. Their 
ubiquity, their electrolyte nature and their large size are 
some of the factors making them suitable candidates for the 
flow of molecular and physical information between cells 
(Iozzo 1984; Turley 1984; Fawcett 1986). 
Extracellular matrix proteins and connective tissue tumors 
With the advent of immunohistochemical techniques and the 
development of antibodies against the various components of 
^the extracellular ma rix proteins, the intimate association 
of the extracellular matrix proteins with mesenchymal tumors 
has been extensively studied and they have been suggested as 
useful markers in diagnosis of connective tissue tumors• 
One of the earlier protein to be so studied is lamninin. 
Miettinen, Foidart & Ekblom (1983) found laminin staining 
within neurofibroma, neurilemmoma and leiomyoma and 
suggested its usefulness in distinguishing these tumors from 
fibroblastic tumors. The former tumors were at any rate 
known to be characterised by pericellular basal lamina 
production ultrastructurally and so laminin staining may not 
be surprising. Similar staining was obtained for tumors of 
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peripheral nerve origin by D'Ardenne, Kirkpatrick & Sykes 
(1984) and vascular tumors (Bohling 1983). Enzinger and 
Weiss (1988) in their classic monograph of soft tissue 
tumors, suggest that an intimate pericellular staining for 
laminin may aid in the diagnosis of certain soft tissue 
tumors• 
In spite of the close association structurally between 
laminin and type IV collagen in the basement membrane, this 
relationship is not necessarily reproduced in neoplasia. 
Triche & Askin (1983) examined the extracellular matrix of 
round cell tumors of childhood, including many soft tissue 
sarcomas, and reported that the expression of laminin was 
not always in parallel with hat of collagen IV. 
mmunopositivity for laminin or type IV collagen has also 
been reported in tumors generally not regarded as basal 
lamina producing. This is actually not altogether 
surprising as basement membrane is actually a combination of 
type IV collagen and laminin assembled in a highly organized 
fashion. U1trastructura1lyf a distinct basement membrane is 
not seen in epitheloid sarcoma (Enzinger & Weiss 1988) and 
yet fine collagen type IV meshwork between tumor cells can 
be distinguished (Ogawa et al 1986)• Granular cell tumor, 
a tumor possibly derived from Schwann cells and yet without 
a distinct basal lamina, may show type IV collagen 
i. 
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positivity surrounding individual or clusters of tumor cells 
(Ogawa et al 1986). Similar staining for type IV collagen 
was obtained for a variety of benign and malignant smooth 
muscle tumors by Autio-Harmainen et al 1986)• Laminin 
staining in pericellular fashion was also obtained around a 
variety of tumors of peripheral nerve, synovial, vascular 
origins, paragangliomas, alveolar soft part sarcomas, 
granular cell tumors and epitheloid sarcomas (Miettinen, 
Foidart & Ekbloia 1983; D'Ardenne, Kirkpatrick & Sykes 1984; 
Ogawa 1986)• In contrast, fibroblastic and fibrohistiocytic 
tumors are negative for laminin (Ogawa et al 1986)• 
Although a distinct basal lamina is not generally associated 
with those tumors stained positive, ultrastructural studies 
often show fragments of basal lamina materials intimately 
associated with tumor cells (Enzinger & Weiss 1988)• 
Therefore, immunopositivity for laminin or type IV collagen 
is not necessarily confined to tumors with a distinct 
basement membrane• 
Fibronectin, because of the early availability of specific 
antibodies, was also extensively investigated in mesen-
chymal tumors. Laba Robert et al (1981) , Du Boulay (1982) 
and D'Ardenne, Kirkpatrick & Sykes (1982) found fibronectin 
staining in a variety of mesenchymal tumors, including 
synovial tumors, hemangiopericytomas, nodular fasciitis, 
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giant cell tumors, etc" Such staining was often focally 
in racytoplasmic, in addition to a pericellular, basement 
membrane-type of staining. Such findings were confirmed by 
a subsequent study by D'Ardenne, Kirkpatrick & Sykes (1984). 
Other extracellular matrix proteins have been similarly 
examined in soft tissue tumors. D'Ardenne, Kirkpatrick & 
Sykes (1984) found pericellular staining for collagen type 
III, in addition to laminin and fibronectin, in a variety of 
benign and malignant soft tissue tumors of Schwann cells, 
smooth muscle, fibrohis iocytic origins. Ueda & Nalcanishi 
(1989) were able to show pericellular staining of collagen 
I, collagen III, collagen V and VI in osteosarcomas. Like 
fibronectin, in addition to pericellular stromal staining, 
occasional staining in the cytoplasm of tumor cells was also 
present. 
The
 intimate association of these extracellular matrix 
proteins with individual tumor cells, often in a 
pericellular fashion, was suggested to infer synthesis of 
such
 proteins by tumor cells. Intracytoplasmic staining 
for some proteins was also focally demonstrated (Du Boulay 
1982,. Autio-Harmainen et al 1986; Ueda & Nakanishi 1989). 
Autio-Harmainen et al (1986), based on their results of 
intense intractyoplasmic staining for type IV collagen in 
botryoid sarcomas, suggested that myogenic tumor cells might 
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have the ability to synthesize basement membrane proteins, 
and probably to a much larger extent than could be concluded 
on the basis of staining, in which pepsin treatment or other 
procedures may have destroyed the major propertion of 
intracytoplasmic protein. 
Indeed, production of various extracellular matrix proteins, 
including collagen I, III, IV and V has been confirmed in 
various sarcoma cell lines and cultures (Mainardi, Dixit & 
Kang 1980; Alitalo, Oja & Vaheri 1981; Alitalo et al 1 32; 
De Clerck/ Borgermann & Jones 1985). 
The extracellular matrix proteins in normal lep omenjr>qpg 
and other parts of the central nervous system 
The content and distribution of the extracellular matrix 
proteins in normal central nervous system have been examined 
by several investigators. A well-defined extracellular 
matrix exists in the central nervous system in the form of 
a true basemen membrane around all cerebral blood vessels 
and at the glial limitans externa (Carbonetto 1984)• Thus, 
it forms an interface between cellular CNS elements derived 
embryologically from neuroepithelium and leptomeningeal 
elements (Rutka 1988). The glial limitans externa and the 
cerebral vascular basement membrane have been well 
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characterised immunohistochemically and biochemically and 
contain types I, ill and IV collagen, fibronectin, laminin 
and heparan sulfate proteins (Mauro et al 1984; Schachner, 
Schoonmaker & Hynes 1978; Shellswell, Restall & Duance 
1979). 
Laminin was detected in the arachnoid, the pial-glial 
membrane and the endothelial and smooth muscle basement 
membranes in subarachnoid and intraparenchymal blood 
vessels. The pial-glial membrane gave a continuous, 
positive reaction for laminin both at the surface of the 
brain and within the brain (McComb & Bigner 1985). in 
addition, laminin was found to invest all surfaces of the 
leptomeninges (Esiri & Morris 1991)• 
Fibronec in, too, has been examined and was found to occur 
at sites of contact between neuroectoderm and mesenchyme, 
neurons and glial cells being negative (Schachner et al 
1 9 7 8
 Paetau 1980; Jones et al 1982) . As far as mesenchymal 
tissues are concerned, fibronectin has been immunolocalised 
to the adventitia of blood vessels, the capillaries, 
endothelial cells, fibroblasts, choroid plexus and more 
important, the leptomeninges (Schachner et al 1978; Esiri & 
Morris 1991)• The leptomeninges also contained collagens I 
and III (Shellswell et al 1979; Bellon et al 1985) . Under 
experimental conditions, leptomeningeal and glial cells have 
\ 
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been shown to synthesize basement membrane macromolecules 
(Liesi, Dahl & Vaheri 1981; Liesi, Kirkwood & Vaheri 1986; 
Rutka et al 1986). 
Extracellular matrix proteins and menlnaioTnaH 
The World Health Organization classification recognized 
reticulin deposition as a feature of fibroblastic meningioma 
(Zulch 1979) • However, there has only been a few studies 
investigating the extracellular matrix content of 
meningiomas immunohistochemically and they have been 
summarised in table 2. 
As can be seen from table 2, the antigen most often examined 
is fibronectin (Chronwall 1983; Hitchcock & Morris 1987). 
However, examinations were haphazard. They were often 
limited to small numbers of cases of meningiomas or a 
limited number of antigens and often little morphological 
correlations with immunoreactivity were given. Many of 
these studies also utilized paraffin sections, which, due to 
inadequate antigen preservation, might hamper the immuno-






































































































































































































































































































































































































































































































































































































































































































































































































































































Apart from fibronectin, laminin (McComb & Bigner 1985), 
collagen IV (Rutka et al 1987) and collagens 1, and V 
(Bellon 1985) have been demonstrated in meningiomas. 
Bohling et al (1983) also examined laminin immunoreactivity 
in hemangiopericytic meningiomas but could only obtain 
positive staining around vessel walls. 
Further detailed discussion of the significance of extra-
cellular matrix protein staining in meningiomas will be 
found in chapters 7 and 9. 
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Conclusion to chapter 3 
A large volume of literature have been reviewed and 
presented. The importance of the extracellular matrix 
proteins as biologic structural agents and their origin 
from mesenchymal cells, chiefly the fibroblasts, were 
discussed. Their main functions are to act as structural 
support and as an adhesive that maintains the normal 
cytoarchitecture of different tissues, determining the 
spatial relationship of different cells. Consistent ^ith 
their origin from connective tissue cells, these proteins 
are found in diverse types of connective tissue tumors. 
They have even been shown to be produced by cultures of 
sarcoma cell lines. In the brain, they have been 
immunolocalised to the brain-mesenchyme barrier, which 
includes the arachnoid cells. They have been also been 
shown to be present in meningiomas but this requires 




OBJECTIVES AND METHODOLOGY OF THE PRESENT STUDY 
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Overall objectives of present study 
In order to examine the mesenchymal and epithelial differ-
entiating potentials fully, this study set out to fulfill 
the following main objectives : 
To characterise by immunohistochemical techniques 
markers of epithelial and mesenchymal differentiation 
in meningiomas. The antigens examined include 
intermediate filaments and extracellular matrix 
proteins. Both histologic and cy ologic preparations 
will be examined. 
2• ^  To characterise mesenchymal and epithelial differen-
tiating potentials of meningioma cultures. 
3. To correlate such differentiating potentials with 
known histologic variations in meningiomas and to 
analyze such features with a view to a better 
understanding of the histogenesis of meningiomas and 
their histologic diagnosis. 
As the body of information described in the first three 
chapters shows, meningiomas are known to have dual mesen-
chymal and epithelial features and the immunohistochemical 
technique is one of the best methods to examine such 
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properties. However, these characteristics have not yet 
been examined immunohistochemically to the full : 
(a) Rarely have frozen tumor tissues, which generally 
yield more sensitive immunostaining, been examined. 
(b) Do meningiomas contain cytokeratin intermediate 
filaments, one of the most specific marker of 
epithelial tumors 
(c) There has been no study where meningiomas were 
examined simultaneously with a panel of epithelial and 
mesenchymal markers. Vimentin, the best studied 
mesenchymal marker, is non-specific as far as 
histogenesis and diagnosis of umors are concerned. 
(d) One of the most important functions of mesenchymal 
tissues, the ability to elaborate extracellular matrix 
proteins was only incompletely examined previously. 
(e) The lack of morphologic correlation in many of the 
previous studies on the immunohistochemistry of 
meningiomas. 
(f) The lack of study on the immunohistochemical differen-
tiating potentials of meningiomas in in vitro 
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situations. 
This study examines, in a comprehensive manner, the entire 
immunohistochemical spectrum of mesenchymal and epithelial 
differentiation in meningiomas with a panel of antibodies 
and fresh frozen tissues. Morphologic correlates with 
routine histologic appearances as well as in vitro 
characteristics will allow a complete realisation of tumor 
characteristics and perhaps shed more light on their 
origins from the arachnoid cells. :: 
Overall methodology of studies 
This study involves several experiments. Each part of the 
study stands on its own as an individual investigation and 
yet is closely related to the overall theme. They include 
• 
1. A pilot study on comparative examination of both 
paraffin-embedded tumors as well as snap-frozen 
tissues with a panel of epithelial immunohistochemical 
markers with emphasis on cytokeratin proteins was 
carried out. This would provide a sensitive test for 
the presence or absence of cytokeratin intermediate 
filaments in meningiomas and demonstrate the 
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discrepancy of immunoreactivities between these two 
types of tissues. The results might partly explain 
the variation in cytokeratin immunohistochemistry in 
meningiomas in previous studies. 
2. To confirm the presence of cytokeratin intermediate 
filament present, immunoelectron microscopy using an 
indirect post-embedding method was performed on 
selected cases. 
3. A larger and more comprehensive immunohistochemical 
examination using cryostat sections of freshly frozen 
meningioma tissues was performed with a panel of 
antibodies which was particularly reflective of 
mesenchymal and epi helial differentiation in tumors. 
They included different cytokeratin proteins, the 
extracellular matrix proteins and other antigens. 
Diverse meningioma subtypes would be examined. 
4
- Morphologic features, iirmiunostaining profiles and 
extracellular matrix characteristics of additional 
tumors were further compared with cytologic features 
of meningioma cells directly prepared as cytologic 
smears and with the same panel of studies performed. 
r .,.. . .. ... 
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5. Selected meningiomas were examined in a short term 
culture system. Further immunohistochemical 
characterisation of the cultured cells as well as 
their matrices was tested with the same panel as 2. 
6
- The sensitivity and reliabilitiy of immunohisto-
chemistry often depend on a) the preservation of 
tissue antigens; b) the immunostaining detection 
system employed; c) the type of antibodies used 
(DeLellis & Kwan 1988) . In this study, all immuno-
histochemical preparations were carried out with : a) 
tissues optimally preserved for immunohistochemical 
detection; b) well established, sensitive immuno-
histochemical techniques and c) a broad panel of well 
characterised antibodies, mostly monoclonal. 
All the above experiments were carried out in the 
Department of Anatomical & Cellular Pathology at the Prince 
of Wales Hospital, he Chinese University of Hong Kong. 
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Background of study 
In this chapter, a pilot study was performed with parallel 
immunostaining of both paraffin and frozen sections on a 
group of meningiomas with different histologic subtypes. 
One of he problems encountered during any discussion on 
epithelial differentiation in meningiomas is whether they 
contain cytokeratin filaments, one of the most important 
markers for epithelial tissues. This topic was discussed 
and the results of previous authors were summarised under 
table 1 (see chapter 2)• 
As can be seen in table 1, chapter 2, conflicting results 
^
w e r e
 obtained for cytokeratin staining by different groups. 
The more complete and reasonably well documented studies 
which indicated a largely negative result include 
Schwechheimer et al (1984), Halliday et al (1985), 
Alguacil-Garcia et al (1986), Schnitt e al (1986), Ng, 
Tse & Lo (1987 & 1989) and Winek et al (1989) and 
conventional teaching regards meningiomas as negative for 
cytokeratin in routinely processed tissues except for 
secretory meningiomas (Rosai 1989; Battifora 1990; Burger, 
Scheithauer & Vogel 1991)• Of this group of studies, 
Schwechheimer et alfs (1984) was the only one where frozen 
sections were utilized. 
I |j 
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Studies which yielded positive cytokeratin immunostaining 
in meningiomas include Yung et al (1984) , Kleinert et al 
(1986), Meiss et al (1986), Hitchcock & Morris (1987), 
Holden et al (1987) & Zarbo et al (1989) . Zarbo et al 
(1989) and probably Yung et al (1984) used frozen sections 
and the others employed paraffin-embedded tissues. Yung et 
al (1984) used a polyclonal antiserum while details of the 
antibodies employed by Zarbo et al (1989) were not 
available. No details were available for Kelinert et al 
(1986) »s study as well. 
Kar enbeck et al (1984) and Schwechheimer (1984, 1986) also 
utilized cryostat section iminunohistochemistry but were 




 (1989) study was the only study this author can 
ascertain from the literature where parallel examinations 
of
 Paraffin-embedded and frozen tissues were examined. 
However, the number of cases examined was small (eight 
cases) and details of the methodology employed were not 
available as this study was only published in abstract 
form. 
Objectives of study 
As outlined in the background section, the variations in 
- 8 1 -
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the type of tissues, the antibodies and the antigen-
antibody detection system used may account for the 
difference in results obtained. The main aims of this 
component of the study are to ascertain whether : 
i) there is any difference in the sensitivity of immuno-
staining for epithelial immunohistochemical markers 
between paraffin-embedded and frozen tissues, so that 
the best type of tissues can be chosen for further 
comprehensive study; 
ii) to compare our results with previous studies so as to 
shed more light onto the issue whether cytokeratin is 
present in meningiomas. 
Mesenchymal markers were not examined as some of the 
antibodies to be outlined in chapter 7 are not 
immunoreactive with formalin-fixed paraffin-embedded 
tissues. 
Materials and methods 
Fifteen meningiomas, consisting of 7 transitional, 5 




snap-frozen tissues as well as routinely processed, 
paraffin-embedded materials were available, were retrieved 
from the surgical pathology files of the Prince of Wales 
Hospital. Tumor tissues were fixed in 10% buffered 
formalin for about 24 hours before routine processing was 
performed. Standard 4 um sections were cut on rotary 
microtomes, deparaffinised through graded alcohols and 
brought to water before immunostaining was performed. 
Tissue samples from the same group of tumors directly 
received from the operating rooms were dissected into small 
pieces less than 1 cm3. They were then snap-frozen in 
liquid nitrogen immediately while completely covered in 
O.T.C. compound (Milee, U.S.A.) for 2 minute. They were 
subsequently wrapped in aluminium foils, placed in small, 
sealed plastic bags and stored in freezers at -70°C. when 
immunostaining was performed in batches, previously stored 
tumor tissues were thawed to -17°C for 15 minutes in a 
cryostat chamber before 4 um frozen sections were obtained. 
Before immunostaining was performed, sections were briefly 
fixed in cold acetone for 10 minutes. 
A panel of well characterised and commercially available 
epithelial immunohistochemical markers, all of which being 
monoclonal antibodies sensitive on both paraffin-embedded 
and frozen sections were used. Details of such antibodies 
I 
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were summarised in table 3. 
Standard avidin-biotin-peroxidase complex (ABC) technique 
as previously described (Boenisch 1989; Ngf Tse & Lo 1987) 
was used for both paraffin and frozen sections. Briefly, 
tissue sections were blocked for endogenous peroxidase with 
methanolic hydrogen peroxide for 25 minutes. They were 
trypsinised in pre heated trypsin solution at 37°C for 20 
minutes. Immunostaining for epithelial membrane antigen as 
well as staining performed on cryostat sections ^ere 
carried out without trypsinisation. 
Sections were then incubated in 5% normal rabbit serum in 
Tris buffer for 10 minutes. After draining, sections were 
consecutively treated with primary antibodies for 45 
minutes, washed in Tris buffer for three changes (10 
minutes each) and biotinylated rabbit anti-mouse 
immunoglobulins (1:200, Dako) for 35 minutes. The sections 
were again washed in Tris buffer, 3 changes, 10 minutes 
each. They were then incubated in preformed ABC complex 
(Dako) for 45 minutes. After washing with three further 
changes of Tris buffer, sections were developed in 
diaminobenzidine (Dako) solution for 5 to 10 minutes while 
they were periodically checked microscopically. Sections 
were finally washed in tap water, counterstained lightly 
with hematoxylin, dehydrated through graded alcohols and 
I 
. I 





For negative controls, the primary antibodies were subs-
tituted with non-immune mouse serum. Sections of an 
adenocarcinoma of the colon were used as positive controls. 
Positive immunoreactivity was graded as +, ++, +++ when 
immunopositivity was readily identifiable with a X40, X20 
and X10 objective using a Nikon Labophot-2 microscope 
respectively. 
Histologic diagnoses were based on criteria described by 
Burger, Scheithauer & Vogel (1991)• 
: -
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Table 3. Epithelial immunohistochemical markers for dual 
paraffin-embedded and frozen tissues 
Antigens Clone Dilutions Source 
Cytokeratins AE1/3 1:150 Hybritech 
Cytokeratins CAM5.2 1:10 Becton Dickenson 
Cytokeratins PKK1 1:200 Labsystem 
CEA A5B7 1:1000 Dako 
EMA E29 1:10 Dako 
HMFG 1:100 Oxoid 
Abbreviations : CEA : carcinoembryonic antigen; EMA : 
epithelial membrane antigen, HMFG : human milk fat globule 
-2 
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Results and conclusions 
The results of this part of the study were summarised in 
table 4. They have also been partially presented (Ng & 
Wong 1990). 
As can be seen in table 4, overall 9/15 (60%) cases showed 
positive staining for at least one cytokeratin marker 
whereas only 2/15 (13.3%) cases were positive for 
cytokeratin when only paraffin sections were considered 
(figure 9). The nine positive frozen cases included all 
cases of positive paraffin cases. In the remaining six 
cases, none of the paraffin sections were stained positive 
but at least one frozen section showed positive cytokeratin 
staining. Moreover, when only individual tests were 
considered, 11 anti—cytokeratin preparations were negative 
with paraffin sections but positive on frozen sections. 
None of the tests showed a positive reaction on paraffin 
section but negative staining on frozen sections. 
AE1/3 stained only 2 cases, CAM5.2 5 cases and PKK1 7 
cases on cryostat sections. However, as the number of 
cases examined was relatively small, definite conclusion 
concerning the amount of cytokeratin present in meningioma 
and the sensitivity of the different cytokeratin antibodies 
will be left to chapter 7. 
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The intensity of staining for cytokeratin was relatively 
weak and scattered. Most of the positive tests performed 
on frozen sections and all on paraffin sections contained 
only + positivity, i.e. only isolated cells definitely 
showing positive staining, which required microscopic 
examination at the high power for confirmation. However, 
there is little doubt that frozen section immunohisto-
chemistry was far superior to similar staining done on 
paraffin sections. Freshly frozen tissues have better 
preserved antigenicity and the amount of cytokeratin 
present, which is likely to be small, can only be brought 
out successfully by adequate tissue preservation, a 
sensitive immunostaining procedure and a panel of wide 
spectrunuantibodies. 
All meningiomas were positive for epithelial membrane 
antigen, although frozen section immunostaining resulted in 
a stronger staining in 8 out of 15 cases examined (53.3%) 
(figure 10). The staining was predominantly membranous on 
paraffin sections. 
None of the paraffin or cryostat preparation was positive 
for CEA for these 15 cases of classic meningiomas. This 
epithelial antigen in general denotes glandular differen-
tiation and in meningiomas, was only described to be 
positive in the secretory variants. 
I 
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Human milk fat globule -2 is another epithelial marker 
closely allied to but not identical to epithelial membrane 
antigen. was positive in 6 cases (40%) by frozen 
section and only 3 (20%) were positive by paraffin 
sections. 
Further analysis of the significance of various epithelial 
immunohistochemical markers will be discussed in more 
details in chapter 7. 
There was only one previous study where only comparative 
immunohistochemical analysis with paraffin and cryostat 
sections was done on meningiomas. Zarbo et al (1989) 
examined 8 cases in an abstract. All were positive for 
cytokeratin with cryostat sections and only 2 with paraffin 
sections. Details of histology or the antibodies used were 
not available. 
The main conclusions to be drawn from this pilot study are 
a. Meningiomas do express epithelial phenotypic features, 
especially with the epithelial membrane antigen; 
b
- Cytokeratins are present in a small amount in a 
significant proportion of meningioma; 
% i! 
- 9 1 -
^ ^ H I • • I • 
• I I • I I I • i 
c
- Frozen sections are to be preferred over paraffin 
embedded tissues for analysis of epithelial immuno-
histochemical markers, especially the cytokeratins. 
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CHAPTER 6 
IMMUNOELECTRON MICROSCOPY OF MENINGIOMAS FOR 
CYTOKERATIN FILAMENTS 
- 9 3 -
I 
Background of stu^y 
The purpose of this study is to confirm the presence of 
cytokeratin intermediate filaments, the type of filament 
characteristic of epithelial tissues, in meningiomas. As 
described in chapter 2, cytokeratin staining in meningiomas 
is controversial and variable results in light microscopy 
have been obtained in the literature. The pilot study 
(chapter 5) with parallel paraffin-embedded and frozen 
sections did suggest the presence of a small amount ^ f 
cytokeratins in meningiomas, which was much better shown by 
cryostat immunohistochemistry• 
Although cytokeratins and vimentins are biochemically 
distinct, the focal nature of the positive staining in 
light microsocopy warrants confirmation with immunoelectron 
microscopy. Furthermore, it has also been suggested that 
spurious staining for cytokeratin may occasionally occur 
with light microscopic immunostaining carried out with 
protease digestion (Bacchi et al 1990)• 
The literature review of this author shows that there were 
only two previous studies on the immunoelectron microscopy 
of meningiomas. Both Kartenbeck et al (1984) and Schwech-
heimer (1984) demonstrated an abundance of vimentin 




which were associated with the desmosomal plaques. 
Kartenbeck et al (1984) described occasional positivity 
when meningioma cultures were examined with immunoelectron 
microscopy with "some" anti-cytokeratin antibodies. 
Details, however, were not available. 
In this part of the study, the presence of cytokeratin in 
the tumor was investigated by the more sensitive technique 
employed in immunolabelling with electron microscopy. This 
was previously published in abstract form (Ng & Wong 1990 ) • 
Methodology 
Three meningiomas, two transitional (surgical file no. 
88S4391; 88S9398) and one meningotheliomatous (surgical 
file no. 87S9651) were examined. The method employed was 
an indirect immunogold post-embedding labelling method as 
outlined by Polak (1989)• 
1. Tumor tissues, removed fresh from the operation 
theatre, were cut into 1 mm3 fragments and fixed 
overnight in 4% paraformaldehyde with 0.5% 
glutaraldehyde. 
2• Tissues were processed for routine electron microscopy 
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embedded in LR White (London Resin Company)• The 
preparation of LR White followed the product 
specifications recommended by the company. Tissues 
were not osmicated. 
3• Immunostaining was carried out in covered petri dishes 
in a humid environement provided by soaked muslin. 
Nickel grids were immersed in droplets of solutions 
placed carefully onto a sheet of paraplast laid across 
the dish. All solutions were microfiltered (0.45 nm 
pore size). 
4. After washing 3X1 minutes with distilled water, grids 
were drained and incubated for 30 minutes at room 
temperature in drops of normal rabbit serum (Sigma), 
diluted 1/30 in antiserum diluent (phosphate-buffered 
saline with 0.1% bovine serum albumin). 
5. After draining carefully onto fiber-free absorbent 
paper, grids were immersed in primary antibodies. The 
antibodies employed were : AE1/3 (1/100), PKK1 
(1/200), and CAM5.2 (1:10) and anti-vimentin (1/200). 
Details of these antibodies were stated in chapters 5 
& 7• Incubation was carried out overnight at 4°C in a 
humid environment. 
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6. Grids were incubated in turns with 0.05 M Tris buffer, 
pH7.2 and pH7•6 3 X 1 minutes each. Washing was 
carefully done with gentle shaking of plates. They 
were then incubated with Tris buffer pH8•2 containing 
1% bovine serum albumin for 10 minutes. 
7. Grids were then incubated with 10 nm gold-labelled 
goat anti-mouse antibody for one hour at room 
temperature, in a humidity chamber. 
8. Grids were washed in large quantities of 0.05% M Tris 
buffer, pH7.6, containing 0.1% bovine serum albumin 
followed by Tris buffer, pH7.2, without albumin and 
then distilled water. All washings were carried out 
3 X 1 minutes each with continuous gentle agitation. 
9. Grids were then counterstained for conventional 
electron microscopy with methanolic uranyl acetate and 
then lead citrate. Stained grids were examined by 
transmission electron microscope (Karl Zeiss EM10C)• 
10. For positive controls, small pieces of epidermis 
adjacent to a seborrheic keratosis removed surgically 
were similarly treated. For negative controls, 
additional sections of all three tumors placed on 
nickel grids were incubated with normal mouse serum 
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instead of the primary antibodies. All the subsequent 
steps of immunostaining were identical from steps 6 to 
9. 
Results and conclusions 
Morphologically, the three tumors examined showed typical 
features of a meningioma, with interdigitating cellular 
processes with desmosomes and abundant intracytoplasiaic 
intermediate filaments. All three antibodies revealed 
scattered positive deposition of colloidal gold particles 
with the filaments (figs 11 & 12)• As the amount of grain 
deposition was relatively small, no attempt was made to 
quantify the amount of immunolabelling but the amount of 
staining appeared to be stronger for CAM5.2 than AE1/3 or 
PKK1. As expected, all three tumors showed an abundance of 
deposits with vimentin. 
As can be seen from the figures, staining was limited to 
bundles of cytoplasmic filaments interpreted because of 
their size as intermediate filaments. Large portion of 
such filaments remained unstained, and they probably 
represent vimentin filaments. Only few para-desmosomal 
filaments showed gold deposits. All of these tumors showed 
only weak staining for cytokeratins by light microscopy 
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Fig. 11 Electron micrograph showing intermediate filaments of meningioma labelled 
with CAM5.2 (X16,000) 
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Fig. 12 Another tumor labelled with AE1 /3 showing intermediate filament labelling 
with only scanty background deposits (X16,000) 
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(table 4, chapter 5). The positive controls showed large 
amounts of gold deposits for cytokeratins on tonofilaments 
of epidermocytes. The negative controls showed only 
extremely isolated background deposits. 
It is therefore concluded that if a very sensitive method 
such as immunoelectron microscopy is employed, meningiomas 




CRYOSTAT SECTION IMMUNOHISTOCHEMISTRY OF MENINGIOMAS 
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Background of study 
The dual capabilities of mesenchymal and epithelial differ-
entiation in meningiomas has already been outlined in 
chapter 2• Apart from conventional histology with 
hematoxylin and eosin stained paraffin sections, with the 
advent of iimnunohistochemical techniques, tumor 
differentiation can be examined profitably with a wide 
range of antibodies, both monoclonal and polyclonal in 
nature, against different antigens. The antigens to be 
examined could be selected to reflect different epithelial 
and mesenchymal properties of the tumors. 
Chapters 2 and 4 outlined some of the problems related to 
previous immunohistochemical studies on meningiomas. 
Briefly, rarely has a panel of antibodies for both 
epithelial and mesenchymal markers been simultaneously 
examined. The extracellular matrix protein production, a 
function of fibroblasts and other mesenchymal cells, was 
only rarely examined. Moreover, epithelial differentiation 
has relied almost solely on the demonstration of epithelial 
membrane antigen (EMA)• which is not specific for 
epithelial tumors. Staining for the cytokeratins, a more 
specific epithelial marker, has been controversial with 
different groups claiming both positive and negative 
results. 
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Chapter 5 demonstrated that frozen sections were clearly 
superior to paraffin sections in localising the small 
amounts of cytokeratins present in meningiomas, and when 
three broad spectrum monclonal cytokeratin antibodies were 
applied together, a significant proportion of meningiomas 
stained for cytokeratins. Paraffin section iinmunohisto-
chemistry, on which many previous studies were performed, 
was therefore not a sensitive technique of picking up the 
small amount of cytokeratins present. The latter were 
further confirmed to be localised to cytoplasmic 
intermediate filaments by immunoelectron microscopy in 
three cases, as outlined in chapter 6. 
More comprehensive immunostaining was therefore carried out 
with only fresh frozen tumor tissues. A wide panel of 
antigens were examined which reflected the different 
epithelial and mesenchymal properties of tumors. 
Materials and method 
Fresh tissues from a total of 50 meningiomas of diverse 
histologic subtypes, including the classical types of 
meningotheliomatous, transitional• and fibroblastic 
meningiomas, as well as some other variants, with 
predominantly mesenchymal or epithelial characteristics 
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were examined. Tumor tissues, after they were received 
from the operating theatre, were snap-frozen in small 
pieces in liquid nitrogen and stored at -70°C. They were 
subsequently thawed slowly to -17°C in the cryostat before 
4 um sections were obtained for immunostaining. The method 
used was essentially similar to that described in chapter 
5. All 15 cases examined in chapter 5 were included in 
this part of the study. 
After brief fixation in acetone, sections were stained with 
the avidin-biotin-peroxidase complex (ABC) method for 
monoclonal antibodies and the peroxidase-anti-peroxidase 
method (PAP) for polyclonal antisera. The methods used 
were identical to those used in standard procedures 
(Boenish 1989) and what was previously described (Ng, Tse 
& Lo 1987, 1989). They are diagramatically presented in 
figure 13 (adapted from Boenish 1989)• 
For the PAP method, tissues sections, following fixation, 
were blocked for endogenous peroxidase with methanolic 
hydrogen peroxide for 25 minutes. They were then incubated 
with normal swine serum (Dako) for 5 minutes, followed by 
incubation with primary antiserum for one hour. The 
sections were incubated sequentially with swine anti-rabbit 
antisera (Dako), the rabbit PAP complex (1/100) for 25 
minutes and DAB solution for 5 minutes, with washing with 
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Tris buffer three times between the stages. The sections 
were finally counterstained lightly with hematoxylin before 
dehydration through graded alcohol and final mounting. 
The ABC method was described in chapter 5. 
Normal colon was used as positive controls for the 
epithelial markers and laminin and type IV collagen, An 
osteosarcoma was used for the extracellular matrix 
components. Stained sections were examined for immunp-
positivity and qualitatively graded as +, ++, +++ when 
imiriunoreactivity could be readily confirmed with a X40, X20 
and X10 objective with a Nikon Labophot 2 microscope 
respectively. 
The panel of antibodies used was summarised in table 5. 
The optimal dilutions to be used for each antibody or 
antiserum were previously determined by repeated staining 
of positive control materials with serial dilutions of 
antibodies and antisera obtained from commercial sources. 
Details of the meningiomas examined were summarised in 
table 6. There were 31 females and 19 males. The 
patients1 age ranged from 17 to 85, the average age being 
49.3. Histologic diagnoses of tumors were based on 
criteria described by Burger, Scheithauer & Vogel (1991) • 
106 -
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Fig. 13 
Major steps of the ABC and the PAP methods. Details 
outlined in pp85-6, 105-6 
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Table 5. Suminarv of antibodies used in the study 
Antibodies Nature Dilution Source 
Anti-collagen I P 1/150 Chemicon 
Anti-collagen M 1/50 Heyles 
Anti-procollagen I M 1/50 Chemicon 
Anti-collagen IV P 1/400 Chemicon 
Anti-fibronectin P 1/50 Dako 
Anti-laminin M 1/100 ICN 
Anti-vimentin M 1/200 Biogenex 
AE1/3 M 1/150 Hybritech 
CAM5.2 M 1/10 Becton Dickenson 
PKK1 M 1/200 Labsystem 
Anti-CEA M 1/1000 Dako 
Anti-EMA M 1/10 Dako 
Anti-HMFG M 1/100 Oxoid 
Desmoplakins M 1/50 Boehringer 
Abbreviations : P : polyclonal M : monoclonal; CEA : 
carcinoembryonic antigen; EMA : epithelial membrane 
antigen; HMFG : human milk fat globule-2 
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Table 6. Details of meningiomas examined in this study 
Lab. no. Age/sex Tumor type Site 
86S9757 52/F Secretory L. frontal lobe 
87S282 85/F Transitional Parasagittal 
87S1000 17/F Fibroblastic R. sphenoid wing 
87S1435 48/F Meningotheliomatous R. frontal lobe 
87S1840 45/F Transitional L. parietal lobe 
87S2267 67/F Meningotheliomatous Olfactory groove 
87S4357 36/M Microcystic Clivus 
87S5243 78/M Transitional R. frontal lobe 
87S9651 42/F Meningotheliomatous R. temporal lobe 
87S10024 34/M Microcystic L. convexity 
87S10939 47/M Transitional R. frontal lobe 
87S11768 63/F Fibroblastic R. parietal lobe 
87S12046 37/F Transitional R. convexity 
88S58 18/M Psammomatous Posterior fossa 
88S2076 34/F Transitional L. frontal lobe 
88S4286 42/F Transitional L. occipital lobe 
88S4391 55/M Transitional Suprasellar 
88S4798 72/M Meningotheliomatous L. frontal lobe 
88S4919 68/F Fibroblastic L. occipital lobe 
88S9398 54/M Transitional R. frontal lobe 
89S41 40/F Fibroblastic L. parietal lobe 
89S747 26/F Meningotheliomatous L. temporal lobe 
89S2363 69/M Transitional Posterior fossa 
89S4628 71/M Meningotheliomatus Parasagittal 
89S6258 65/F Transitional Spinal T9 
89S7893 60/F Transitional Olfactory groove 
89S8963 36/M Hemangiopericytic L. frontal lobe 
89S9975 65/F Anterior falx ( j - ^ Fibroblastic 
89S10098 69/M Fibroblastic L. occipital lobe 
89S10727 35/F Meningotheliomatous R. parietal lobe 
90S1413 59/F Meningotheliomatous Parasagittal 
90S1917 33/F Meningotheliomatous Posterior fossa 
90S2044 73/F Transitional Spinal T3 
90S2173 30/F Meningotheliomatous Parasagittal 
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9052304 41/F Transitional Anterior falx 
9052727 65/F Meningotheliomatous Olfactory groove 
9052866 49/F Transitional L. sphenoid wing 
9054498 27/F Meningotheliomatous L. sphenoid wing 
9054512 30/F Meningotheliomatous Anterior falx 
9055115 64/F 5ecretory Olfactory groove 
9055385 34/M Papillary R. frontal lobe 
9056218 60/M Transitional 5pinal C3 
9056087 62/M Angiomatous 5pinal T11 
9056361 55/F Transitional L. parietal lobe 
9057259 70/M Meningotheliomatous 5pinal T1 
9058237 35/F Meningotheliomatous R. parietal lobe 
9059583 42/M Meningotheliomatous L. sphenoid wing 
9059656 30/F Malignant L. convexity 
9059717 34/M Hemangiopericytic R. frontal lobe 
90513155 41/M Transitional R. temporal lobe 
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Results 
Epithelial immunohistochemical markers 
The results of immunostaining for epithelial immunohisto-
chemical markers were presented in details in table 7 and 
summarised in table 8. 
Epithelial membrane antigen (EMA): 
As expected, all except three cases stained for EMA (94%)• 
The staining was moderate to strong (++ or +++ positivity) 
in 38 cases (76%)• In contrast to previous immunohisto-
chemical studies on EMA, which described staining as mostly 
membranous (Battifora 1989 Rosai 1989 True 1990) (figure 
10) • staining was equally membranous and cytoplasmic in 
this study. Both sheets of meningotheliomatous cells, 
meningothelial whorls, and spindle shaped fibroblast-like 
tumor cells were positive. Attenuated, spindle fibroblast-
like cells were also strongly stained, suggesting that they 
were meningothe1ia1ly derived, rather than entrapped 
stromal cells (figures 14-21)• Because of the high 
incidence of overall positivity, there was no significant 
difference in the distribution of this marker over the 
different histologic tumor subtypes. Rarer subtypes were 
- I l l -
also positive, including malignant, hemangioj^cicytic and 
papillary meningiomas (figures 22-25)• 
Cytokeratins : 
Overall, 25/50 cases (50%) showed positive staining for at 
least one of the cytokeratin antibodies. The distribution 
of cytokeratin positivity for the major subgroups were : 
meningotheliomatous 6 cases (37.5%) , transitional 9 cases 
(50%) and fibroblastic 2 cases (30%). There was no 
significant difference in the positivity rates for these 
groups (X2 = 0.784, p>0.50). If secretory meningiomas were 
not included, AE1/3 stained 2, CAM5.2 stained 15 and PKK1 
stained 16 cases (figures 26-34). Thus, both CAM5.2 and 
PKK1 were far more sensitive than AE1/3 in picking up the 
small amounts of cytokeratins present. However, between 
CAM5.2 and PKK1, the former stained 7 cases with ++ or +++ 
positivities while for the latter, staining was generally 
weak and all were + lesions. Thus, CAM5.2 appeared to be 
most sensitive for demonstrating cytokeratins in 
meningiomas among the three antibodies tested. Twelve 
cases showed positive staining for more than one antibody. 
In general, two patterns of immunostaining for cytokeratins 
were discernible. A more diffuse pattern involving all cell 
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types with occasional cells showing stronger staining was 
seen in addition to a second pattern of staining, where 
only isolated tumor cells, usually situated in the middle 
of a whorl, were seen in a background of tumor cells 
largely devoid of immunostaining. 
Single cases of hemangiopericytic, papillary and malignant 
z 
% 
meningiomas were positive for the cytokeratins (figure 28-
29). 
As expected, the secretory meningiomas were strongly 
stained by all three anti-cytokeratin antibodies and the 
pseudopsaitimoma bodies and their immediately surrounding 
cells were highlighted by such staining (figure 34)• 
Human milk fat globule -2 (HMFG): 
Although this antigen is biochemically closely similar to 
EMA, it stained only 27 cases (54%) • in contrast to EMA. 
Most of the staining (15/27 cases, 56%) was focal and weak 
with + positivity. The staining, in contrast to that of 
EMA, was mostly cytoplasmic (figures 35 & 6). Although a 
higher proportion of meningotheliomatous meningiomas 
appeared to stain (43.7% positive) compared to transitional 
(27.7%) and fibroblastic (33.3%), calculation of X2 showed 
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that there was no significant difference in the rates of 
staining between the three major subgroups (X2 = 0.96, p 
>0.50)• The aggressive meningiomas, including malignant, 
hemangiopericytic and papillary meningiomas were negative 
for this epithelial marker. 
Desmoplakins : 
The overall positivity was 68% (34 cases)• The differen-
tial rates for the major subgroups were : meningo-
theliomatous 69% (11/16 cases), transitional 83.3% (15/18 
cases) and fibroblastic also 83.3% (5/6 cases). There was 
no significant differences in the positivity rates between 
these subgroups (X2 = 1.1166 and p >0.50). Staining was 
characteristically punctate and granular in nature. 
Immunostaining was as a rule uniformly distributed over all 
cells, including meningotheliomatous sheets, whorls and 
fibroblastic bundles (figures 37-40)• The aggressive types 
of meningiomas were negative. 
Carcinoembryonic antigen (CEA): 
As expected, CEA was only positive for the secretory 
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Fig. 14 Transitional meningioma 87S12040) stained for EMA (X300). Notice both 
membranous (arrowed) and cytoplasmic staining. 
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Fig. 15 Meningotheliomatous meningioma (87S2267) stained for EMA (X300). 
Predominantly cytoplasmic staining is obtained. 
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Fig. 16 Secretory meningioma (90S5115, areas not containing pseudopsammoma 
bodies) stained for EMA (X300) 
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Fig. 20 Transitional meningioma (87S282) demonstrating dense positivity for EMA 
(X60). Notice that even very attenuated cells, embedded in collagen, 
indistinguishable from fibroblasts, are EMA postive. 
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Fig. 21 Fibroblast-like cells stained positive for EMA (89S41, X150) 
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Fig. 22 Hemangiopericytic meningioma showing EMA staining (89S8963, X450). 
In spite of its mesenchymal appearance, it retains epithelial characteristics. 
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Fig. 23 Typical features of pericellular reticulin deposition in hemangiopericytic 
meningioma. Same tumor as fig. 2 y ( (89S8963, X60) 
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Fig. 24 Malignant meningioma showing numerous mitotic figures. Other areas 
contain frank tumor necrosis (90S9656, X300) 
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Fig. 25 Same tumor as fig.23 with focal staining for EMA (X450) 
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Fig. 26 Transitional meningioma stained for CAM5.2 (89S6258, X150) 
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Fig. 27 Meningotheliomatous meningioma showing positive staining for PKK1 
(90S1917, X300) 
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Fig. 32 Meningotheliomatous meningioma stained for AE1/3 (89S4628, X300) 
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Fig. 33 Fibroblast-like cells in fibroblastic meningioma stained for CAM5.2 
(89S10098, X300) 
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Fig. 35 Meningotheliomatous meningioma showing diffuse cytoplasmic staining for 
HMFG (87S9651, X300) 
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meningiomas. Although this was well described (Algacil-
Garcia, Pettigrew & Sima 1986; Ng, Tse & Lo 1987), this 
study represents the only study where frozen sections of 
meningiomas were tested for CEA. In secretory meningiomas, 
CEA positivity was particularly prominent in the hyalinised 
or pseudopsammoma bodies and in the immediate surrounding 
cells (figure 41)• p 
.
 -
 -h p 
» - ij 
Mesenchymal immunohistochemical markers 
— I., 
•u 
As table 9 shows, meningiomas of diverse histologic 
subtypes stained for most of the extracellular matrix 
proteins (EMPs) tested. The overall positivity rates were 
highest for fibronectin and procollagen I : 98% and 96% 
respectively. Expressivity was lower for laminin and 
I-
collagen IV : 54% and 60%. 
Calculation of X2 of the overall positivities were as 
follows : laminin : 1.504 (0.10 < p < 0.50), fibronectin : 
1.253 (p >0.50), procollagen I : 0•381 (p > 0•50), collagen 
I 3.936 (0.10 < p < 0.50), collagen III : 3.406 (0.10 < 
p < 0.50) and collagen IV : 3.66 (0.05 < p < 0.10) . Hence, 
only in collagen IV was there any significant difference in 
immunopositivities among the three main types of 
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meningiomas examined. 
A characteristic feature of EMP immunostaining was that 
positive staining was identified throughout tumor 
interstitium intimately associated with tumor cells. They 
were generally found in greater abundance among fibroblast-
like tumor cells. In transitional meningiomas, the 
meningothelial whorls might be negative for the collagens 
but the more spindle-shaped cells surrounding the whorls 
were decorated and transition from whorls to fascicles was 
often highlighted by such staining (figures 42-3). 
Collagens and showed mostly interstitial staining 
with delicate pericellular immunopositivities. Focal 
intra-cytoplasmic positivity was also noted. Diffuse 
cytoplasmic immunoreactivity for procollagen I could be 
identified inside the meningothelial whorls, suggestive of 
collagen production by tumor cells. Often, the 
intranuclear inclusions were also stained. Even in the 
epithelial-like cellular clusters of meningotheliomatous 
meningiomas, a delicate intercellular scaffold of the EMPs, 
frequently collagen III, could be demonstrated (figures 
44-8). 
Laminin and collagen IV, in general, were less often 
stained than collagen I, collagen III and procollagen I. 
- 1 4 0 1 -
Endothelial and subendothelial positivity was not regarded 
as true tumor positivity in this study. The staining was 
in general weaker than the other markers as can be seen in 
table 9; however, focal moderate to strong positivity could 
still be identified and intense pericellular staining was 
demonstrable in fibroblastic meningiomas (figures 49-58). 
As previously reported (Schwechheimer et al 1984; Ng, Tse 
& Lo 1987), the vast majority of meningiomas stained for 
vimentin (figure 59) . A small number of histologic 
subtypes other than the classic types were examined and 
their expressivities for the EMPs were similar to the 
classic meningiomas. 
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Fig. 42 
Fig. 43 
Transitional meningioma stained for collagen Ill. Cellular whorls are 
negative but adjacent spindle celled areas stain strongly positive (88S4286, 
X300) 
Transitional meningioma. Cellular bundles peripheral to whorls stained for 
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Fig. 48 Procollagen staining, both cytoplasmic and interstitial, 
for transitional meningioma (89S7893, X300) - | 
Ml 
Fig. 49 Laminin staining produced strong intercellular staining. Blood vessel 
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Fig. 50 Collagen I staining in fibroblastic meningioma (90S13155, X150) 
I 
_ . ‘ .. ‘ . - . 
Fig. 51 Collagen III staining, fibroblastic meningioma (88S4919, X150) 
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Fig. 52 Collagen III staining in fibroblastic meningioma (88S11768, X150) 
i f 
Fig. 53 Collagen IV staining of transitional meningioma. Perivascular staining is not 
taken into account (90S6361 • X150) 
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Fig. 54 Procollagen staining of transitional meningioma. Note staining of pseudo-
nuclear inclusions (arrowed) (90S2304, X150) 
Fig. 55 Procollagen staining, both cytoplasmic and interstitial, 
of transitional meningioma (87S1840, X300) 
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Fig. 56 Both cytoplasmic and interstitial staining for procollagen I (90S6218, X300I 
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Fig. 57 Fibronectin staining similar to procollagen I, both cytoplasmic and interstitial 
staining is noted (87S11768, X300) 1 
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Fig. 58 Fibronectin staining, secretory meningioma. Note absence ’ 
of staining of pseudopsammoma bodies. Perivascular staining 
has not been taken into account (86S9757, X150) 
Fig. 59 Hemangiopericytic meningioma stained for vimentin (90S9117, X150) 
their expressivities for the EMPs were similar to the classic meningiomas. 
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Discussion - Part I 
Epithelial iirrniunohistochemistrv 
Epithelial membrane antigen (EMA): 
Epithelial membrane antigen is a member of a family of 
glycoproteins, normally present in the membrane of a large 
portion of epithelial cells. Antibodies are raised against 
the milk fat globules of the cell membranes of delipidated 
human cream (Sloane & Ormerod 1981; Heyderman et al 1985). 
Their relationship with antibodies against the antigen 
human milk fat globule-2 (HMFG) will be discussed below. 
EMA is used as a convenient marker to identify epithelial 
lineage (Sloane & Ormerod 1981; Pinkus & Kurtin 1985)• One 
of its advantages over the cytokeratins is that the 
antigenic site does not appear to be affected by formalin 
fixation. Although most epithelial cells show 
predominantly or exclusively membrane staining with 
antibodies to EMA, it is known that neoplasms may exhibit 
cytoplasmic staining (Pinkus & Kurtin 1985; Walts, Said & 
Shintaku 1987)• 
Rare subtypes of meningiomas, including hemangiopericytic, 
papillary, microcystic and malignant meningiomas are also 
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EMA positive. This is in keeping with the unitarian 
concept of meningioinas, i.e. meningiomas of all histologic 
subtypes are biologically similar and derived from the same 
cells, the arachnoid cells. The findings are of particular 
importance in view of the continued controversy surrounding 
the histogenesis of hemangiopericytic meningioma. This 
author has previously^ examined 4 cases with paraffin 
sections and they were EMA negative (Ng, Tse & Lo 1988)-
Similar negative staining was reported by Iwaki et al 
(1988) and Winek, . Scheithauer & Wick (1989), all with 
paraffin sections. However, this study showed that 
hemangiopericytic meningioma could be positive for both 
EMA, HMFG and cytokeratin, when sensitive immunohistologic 
methods with cryostat sections were employed. Such 
findings would argue in favor of placing hemangiopericytic 
meningioma in the same category as other meningiomas 
(Russell & Rubinstein 1989). Soft tissue 
hemangiopericytomas are in general not known to be EMA or 
cytokeratin positive (Moss 1987; Winek, Scheithauer & Wick 
1989; D'Amore, Manivel & Sung 1990). 
While EMA serves as a strong indicator for epithelial 
differentiation in meningiomas, it must be emphasized that 
EMA is not entirely specific for epithelial cells. Some 
malignant lymphomas may react with EMA antibodies (Delsol 
et al 1984, 1989)• Other non-epithelial elements stainable 
—152 — 
with EMA includes hematopoietic cells (Pinkus & Kurtin 
1985) and histiocytic tumors (Rabkin & Kjeldsberg 1987), 
perineuriomas and occasional myoepitheliomas (Rosai 1989; 
Bat ifora 1990; True 1990). It is recognised that 
antibodies to cytokeratins have an advantage in sensitivity 
and specificity over anti-EMA in detecting epithelial 
lesions (Thomas & Battifora 1987)• 
Previous studies on small numbers of meningiomas showed 
many cases to be - EMA positive (Schnitt & Vogel 1986; 
Theaker et al 1986; Ng, Tse & Lo 1987; Winek et al 1989) 
but Meis, Ordonez & Brunner (1986) and Artlich & Schmidt 
(1990) could only stain about half of their meningiomas for 
EMA. The staining was usually described by all these 
studies to be membranous. This study reveals that, with 
sensitive staining obtained with cryostat sections, almost 
all meningiomas are EMA positive. Also, antigenicity is 
equally membranous and cytoplasmic in contrast to previous 
studies. Presumably, cytoplasmic antigenicity is more 
vulnerable to alteration through formalin fixation and 
paraffin embedding. EMA would be a most valuable 
diagnostic test in surgical pathology, especially against 
schwannomas, which is usually the major differential 
diagnosis encountered and they are not positive for EMA 
(Schnitt & Vogel 1986,. Burger, Scheithauer & Vogel 1991). 
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Human milk fat globule -2 (HMFG): 
This terminology designates another of the members of the 
family of antibodies produced against membranes derived 
from milk fat globules (Burchell, Durbin & Taylor-
Papadimitriou 1983). The human milk fat globule membrane 
probably represents differentiation antigens of the apical 
site of the secretory cells and they are relatively easy to 
isolate in highly purified forms (Ceriani et al 1977; Imam 
& Stokes 1981). Although they have much in common with 
EMA, they are not regarded as identical, probably due to 
the variation in phosphorylation of the epitopes (Heyderman 
et al 1985; True 1990) • The epitopes they recognise do not 
necessarily have identical tissue and tumor distribution 
(Battifora 1990)• Expressivity has been variably 
described as cytoplasmic or membanous (Hilborne et al 1986; 
Battifora 1990; True 1990). The commonly used antibody 
anti-human milk fat globule -2 probably recognises an 
epitope with small molecules having more exposed sialic 
acid residues (Burchell 1983). 
The literature search conducted by this author fails to 
reveal any previous study on HMFG staining in meningiomas. 
Our results showed HMFG staining on cryostat sections, like 
EMA, was mostly cytoplasmic. Overall, 54% of the 
meningiomas tested stained positive but on the whole, as 
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can be seen in table 6 & 7, staining was weaker than EMA, 
which in contrast, stained 94% of cases. Therefore, HMFG is 
generally a less sensitive marker for epithelial differ-
entiation than EMA in meningiomas. 
Desmoplakins : 
Desmoplakins are membrane bound high molecular weight: 
protein components of the desmosomal plaques, to which 
intermediate filaments, usually cytokeratins, attach. 
These proteins are not tissue specific. Antibodies to two 
of these proteins (Boehringer), designated respectively as 
desmoplakin MW250,000) and desmoplakin II (MS 215,000) 
were raised from bovine desmoplakins. Desmoplakin is an 
obligatory component of all desmosomes while desmoplakin II 
is more variable in their expression. 
Desmoplakins have been identified in a variety of 
epithelial tumors (Rosai 1989). In the epithelia, the 
filaments attached to the desmosomes are cytokeratins 
(Geiger et al 1983; Moll et al 1986) and the presence of 
desmosomal proteins and cytokeratins in the same cell can 
be taken as a marker for epithelial tissues (Franke et al 
1983 Moll et al 1986). As ultrastructurally meningioma 
cells possess desmosomal junctions, it is not surprising 
that meningiomas were stained well with anti-demoplakins. 
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Our overall results of 68% positivity with mostly moderate 
to strong staining confirmed studies by other authors 
(Schwechheimer et al 1984; Hitchcock & Morris 1987; Parrish 
et al 1987). 
However, desmosomal proteins can be found in cells other 
than those of the epithelia (Kartenbeck 1984)• In 
meningiomas, the intermediate filaments anchoring onto 
desmosomal plaques have been shown to be vimentin. 
Kartenbeck et al (1984) suggested the coexpression of 
desmosomal and vimentin proteins defines a new class of 
cells, and proposed the term "desmofibrocyte", conferring 
a unique ep ithe1ial-mesenchyma1 character to the 
meningothelial cells. Desmosomal proteins are also found in 
myocardial and Purkinje fiber cells of the heart as well as 
cultured myocardial cells and developing myocardial fibers 
(Moll et al 1986; Kuruc & Franke 1988)• It has also been 
shown that in myocardial fibers, the intermediate filaments 
attached to the desmosomal plaques are desmin (Kartenbeck 
et al 1983) . Therefore, desmoplakin positivity does not 
always denote an epithelial lineage. 
The other factor limiting the use of anti-desmoplakins in 
diagnostic situations is that these antibodies are reactive 
only with cryostat but not paraffin sections. 
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Cytokeratins : 
The cytokeratin proteins were first isolated from tono-
filament proteins of the epidermis and constitute the major 
intermediate filament components of epithelial tissues. 
They were separated into 19 members by molecular weight, 
charge specificities and immunoreactivity with monoclonal 
antibodies with restricted specificities (Moll et al 1982; 
Eichner, Bonitz & Sunn 1984; Kahn et al 1984) . The 
various polypeptides are individually coded and are not 
degradation products of larger keratin molecules (Magin, 
Jorcano & Franke 1983; Franke et al 1984) . The term 
cytokeratins is frequently used to denote keratins 
demonstrable by immunohistochemistry, and the term keratins 
is actually biochemically more accurate. 
Cytokeratins are divided into an acidic group (group A) and 
a basic group (group B)• Except for cytokeratin 19 (40K), 
all other group A cytokeratins have a corresponding member 
in group B. A keratin (cytokeratin) filament is composed 
of a member of group A and the corresponding member of 
group B. The members of each pair are similarly ranked, by 
molecular weight, within their respective groups and, in 
general, obey similar rules of expression (Corson 1986; 
Battifora 1990)• ' 
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In general, the lower molecular weight cytokeratins are 
expressed in simple epithelia while the higher molecular 
weight proteins are expressed in stratified epithelia. The 
pair of cytokeratins 8 and 18 (52 & 45 K) are the smallest 
members of their respective groups (if 4OK cytokeratin is 
excluded)• This pair of cytokeratins are the ones most 
frequently expressed by non-epithelial cells (Rungger-
Brandle, Achtstatter & Franke 1989 & Knapp & Franke 1989). 
The lowest molecular-weight cytokeratin (4OK, Moll 19) is 
characteristic of simple epithelia and is the first to 
appear in embryonic life (Lane et al 1983 Viebahn, Lane & 
Ramaekers 1988)• This member of the cytokeratin family is 
also common in neoplastic epithelial cells, along with 
cytokeratin 8 and 18• 
In normal tissues, cytokeratin proteins have been shown to 
be integral components of the cytoskleton of epithelial 
cells by immunohistochemical means (True 1990). Low 
molecular weight cytokeratins first appear in the early 
stages of embryogenesis and likewise in simple, non-
stratified epithelia in adult tissues. High molecular 
weight cytokeratins appear later in the development of 
stratified epithelia (True 1990). However, cytokeratin 
proteins were also described in smooth muscles, myocardial 
fibers and endothelia of submucosal, subsynovial and 
umbilical blood vessels (Huitfeldt & Brandtzaeg 1985; Brown 
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et al 1987; Jahn et al 1987; Norton, Thomas & Isaacson 
1987; Kurue & Franke 1988; Viebahn et al 1988). 
Tumors in general maintain fidelity of the intermediate 
filaments of the tissues of origin. Cytokeratins are 
therefore almost synonymous with epithelial 
differentiation. Nonetheless, it is now well established 
that smooth muscle tumors, rhabomyosarcomas, salivary gland 
myoepithelial tumors, malignant fibrous histiocytoma, 
astrocytomas and even oligodendrogliomas and infantile 
primitive neuroectoderaml tumors may coexpress cytokeratin 
proteins (Brown et al 1987 Norton, Thomas & Isaacson 1987; 
Coindre et al 1988; Meittinen 1988; Ng & Lo 1989; Battifora 
1990; Grieshammer, Zimmer & Vogeley 1991)• A very recent 
report even suggested certain cytokeratins to be present in 
some lymphomas (Gustmann et al 1991)• Moreoever, 
cytokeratins are also found in essentially non-epithelial 
tumors with epithelial differentiation, e.g. synovial 
sarcomas, epitheloid sarcomas, chordomas (Salisbury & 
Isaacson 1985; Roholl, De Jong & Ramaekers 1985). 
As low-molecular weight cytokeratins are expressed by most 
epithelial neoplasm, monoclonal antibodies which recognize 
a few low-molecular weight cytokeratins may, nevertheless, 
act as broad-spectrum detectors of epithelial lineage in 
neoplasms. Antibodies against these cytokeratins are 
-159 -
regarded as of most use diagnostically (Battifora 1990)• 
As was summarised in chapter 2, table i, previous studies 
on cytokeratin immunoreactivity in meningioma have been 
highly variable with many studies yielding negative 
results. The reasons may be due to : 
a. Older and possibly less sensitive immunostaining 
techniques, e.g. indirect methods (Yung et al 1984; 
Schwechheimer.et al 1984; Schwechheimer 1986). 
b. The use of formalin-fixed tissues for immunostaining 
(Halliday et al 1985; Alguacil-Garcia et al 1986; 
Schnitt et al 1986 Theaker et al 1986; Ng, Tse & Lo 
1987; Moss 1987; Winek et al 1989) . Some 
cytokeratins, in contrast to EMA, are sensitive to 
formalin cross-linkages (Battifora 1988 Battifora 
1990). 
c. The use of polyclonal antisera, which often react with 
only the high molecular weight cytokeratins of 
stratified epithelia (Kartenbeck et al 1984; 
Schwechheimer et al 1984; Halliday et al 1985; 
Alguacil-Garcia et al 1986) 
d. Rarely is more than one antibody used the exceptions 
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being Theaker et al (1986) and Winek et al (1989). 
Both groups used three monoclonal anti-cytokeratin 
antibodies. However, formalin-fixed paraffin-embedded 
sections were examined and the results were generally 
negative (secretory meningiomas excluded)• 
A previous study by this author (Ng, Tse & Lo 1987), using 
only AE1/3 with paraffin sections, showed negative staining 
with 27 cases of classic meningiomas. AE3 is now known to 
be inactivated by formalin fixation (Battifora 1988).: 
Similarly, other workers have used AE1/3 on paraffin 
sections with negative results (Schnitt et al 1986, Winek 
1989) • 
In this study, three anti-cytokeratin monoclonal antibodies 
were used with fresh frozen tissues. The pilot study 
(chapter 5 ) showed convincingly the superiority of frozen 
section immunohistochemistry in revealing the small amounts 
of cytokeratin present in meningiomas, which were confirmed 
by immunoelectron microscopy (chapter 6)• 
The use of more than one antibody in immunohistochemistry 
offers the examiner the following advantages : 
a. Because of the variability of cytokeratin molecules 
present in the tumors, a panel of antibodies offers 
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better sensitivity and dissimilar cytokeratin epitopes 
can be recognised. 
b. When the amount of immunoreactivity is small, positive 
staining with more than one antibody will usually 
exclude cross-reactivity with non-cytokeratin antigens 
present in tumor cells (Battifora 1988; 1989). 
c. In the same token as b, cross-reactivity with other 
intermediate filament, notably vimentin in the 
materials being studied, can reasonably be excluded 
(Dellis & Kwan 1988; Battifora 1988). The expression 
of more than one cytokeratins in general strongly 
supports their presence in the tissues being tested. 
Moreover, the three anti-cytokeratin antibodies being used 
in this study, AE1/3, CAM5.2 and PKK1, were carefully 
chosen to ensure a broad coverage of the lower spectrum 
cytokeratin molecules (figure 60) , which are one of the 
best detectors of epithelial lineage as described above. 
AE1/3, a cocktail of two monoclonal antibodies AE1 and AE3, 
was prepared from human callus keratin (Thomas & Battifora 
1987; Listrom & Dalton 1987)• AE3 reacts with mostly high 
molecular weight cytokeratins (Moll catalog 2, 3, 4, 5, 6, 
7, 8). AE1, however, is a useful diagnostic marker 
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immunoreactive with low molecular weight cytokeratins (Moll 
catalog 6, 14, 16, 19). 
CAM5.2 was prepared against colorectal carcinoma and 
detects low molecular weight cytokeratins (Moll catalog 14, 
18, 19) and has been shown to be an extremely sensitive 
epithelial marker (Poston & Sidhu 1986; Leader et al 1986; 
Thomas & Battifora 1987; Battifora 1990). 
PKK1 was raised against cytoskeletal proteins from a pig 
kidney epithelial cell line and identifies cytokeratins 6, 
7, 19 (Corson 1986; Thomas & Battifora 1987). 
As can be seen from figure 61, the AE1/3, CAM5.2 and PKK1 
are among the most popular antibodies used in cytokeratin 
immunostaining (Rosai 1989 True 1991) . They are all broad 
spectrum and in particular, cover comprehensively the low 
molecular weight cytokeratins, the group most often 
expressed by epithelial tissues. The cytokeratin molecules 
likeliest to be indicative of epithelial differentiation, 
cytokeratins 8, 18 & 19 were all covered by such a panel. 
Therefore, this study was superior to many previous studies 
in that : a. a panel of well-established, broad spectrum 
anti-cytokeratin antibodies was used; b. frozen tissues 
optimally preserved for antigen-antibody detection were 
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examined; and c. sensitive immunostaining techniques of PAP 
and ABC were utilized. 
When such methods were adopted in this study, an overall 
50% positivity rates were achieved and confirmed that a 
significant proportion of meningiomas do contain 
cytokeratin, the most significant marker of epithelial 
differentiation. 
There are only a few previous reasonably sized studies 
showing cytokeratin positivity in meningiomas other than 
secretory meningiomas, all utilizing paraffin section 
immunohistochemistry. Meiss, Ordonez & Bruner (1986) used 
AE1/3 and CAM5.2. They were able to stain 12/49 and 1/49 
classic meningiomas with AE1/3 and CAM5.2 respectively. 
The focal nature of the staining was emphasized and the 
only illustration of cytokeratin positivity was that of a 
secretory meningioma. Using CAM5.2, Hitchock & Morris 
(1987) stained 28/50 meningiomas positive but described the 
staining to be in general scattered and confined to small 
groups of cells. 
Holden, Dolman & Churg (1987) used 3 antibodies : one 
against 54K (Moll catalog 7) cytokeratin, and two against 
high molecular weight stratum corneum and 66K (Moll catalog 


























































































































































































































































































































arachnoid granulations with these antibodies, including 
antibodies against the high molecular weight cytokeratins. 
The number of cases examined (14) was relatively small and 
such staining for high molecular weight cytokeratins has 
not been confirmed by other studies (chapter 2, table 1)• 
Artlich & Schmidt (1990) stained 20% of their meningiomas 
with a low molecular weight anti-cytokeratin antibody but 
mostly in meningotheliomatous meningioma. All these 
studies utilized paraffin embedded sections. Winekf 
Scheithauer & Wick (1989), in a recent large series of 
meningiomas, showed that, for the vast majority of 
meningiomas stained with routine immunohistologic methods, 
immunoreactivity for cytokeratins is very rare. This has 
also been this author1 s experience as well (Ng, Tse & Lo 
1987). 
The fact that cytokeratin positivity for more than one 
monoclonal antibody in 12 meningiomas also renders the 
possibility of cross-reactivity with other non-intermediate 
filament proteins or other intermediate filaments very 
unlikely (Battifora 1990)• This is a significant advantage 
over previous studies, in which positivity towards more 
than one cytokeratin antibody has not been demonstrated. 
I 
The fact that even hemangiopericytic meningiomas contained 




the concept that they are men irigo the 1 ia 1 cells-derived 
rather than true soft tissue hemangiopericytomas (Russell 
& Rubinstein 1989). 
Carcinoembryonic antigen (CEA): 
CEA belongs to a large family of secretory proteins, 
originally found in colorectal carcinomas and subsequently 
shown to immunoreact with a variety of epithelial 
neoplasms. 60 to 70% of adenocarcinomas immunoreact for 
CEA (Whitaker, Sterret & Shilkin 1982; Kuhajda, Offutt & 
Mendelsohn 1983 Said et al 1983 Kawai, Torikata & Suzuki 
1988)• Many previous studies on the immunohistochemistry of 
CEA used polyclonal anti-CEA, the specificity has since 
been put to question (True 1990) • This study shows that, 
even under very sensitive conditions of immunostaining, 
CEA was exclusively demonstrated in the secretory type of 
meningiomas. This is consistent with previous studies with 
paraffin section immunostaining on secretory meningiomas, 
which are known to exhibit specialised epithelial 
differentiation of intracytoplasmic lumina lined by 
microvilli (Algaucil-Garcia, Pettigrew & Sima 1986; Ng, Tse 
& Lo 1987) (see chapter 2) . Such findings also confirm 
that with monoclonal antibodies, CEA is a marker for 
glandular differentiation, as in secretory meningioma, 
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instead of the wider spectrum of positive staining 
exhibited by polyclonal anti-CEA antisera. 
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Discussion - Part II 
Extracellular matrix immunohistochemistrv in meningiomas 
The mesenchymal properties of meningiomas have rarely been 
examined. Apart from the description of subtypes which 
clearly revealed distinct mesenchymal properties, e.g. 
hemangiopericytic, lipoblastic, sarcomatous, the 
mesenchymal nature of the classical meningiomas was rarely 
emphasized. Chen, Keps & Teglbjaerg (1985) described a 
meningioma containing PVP materials and Kepes et al (1986) 
described a meningioma harboring rheumatoid nodules. In 
these situations, meningioma cells shared a function with 
fibrohistiocytic cells. Although vimentin is the 
predominant intermediate filament component of meningiomas, 
their specificity for mesenchymal differentiation in 
neoplasis is doubtful (McGuire, Ng & Lee 1989; True 1990) 
The structures
 f types and functions of the extracellular 
matrix proteins (EMPs) were reviewed in chapter 3. 
Consistent with the fact that their major function is 
structural, they are produced mostly by fibroblasts or 
related mesenchymal cells, though laminin and type IV 
collagen can be produced by endothelial cells and 
epithelial cells (Enzinger & Weiss 1988 Martinez-Hernandez 
& Amenta 1983 Ueda & Nakanishi 1989). The relationship 
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between EMP production and mesenchymal tumors in general 
was discussed at great length in chapter 3. They have been 
immunolocalised in an intimate fashion to a variety of 
connective tissue tumors and have been shown experimentally 
to be elaborated by sarcoma cell lines. Production of 
laminin and collagen IV was also clearly not restricted to 
tumors endowed with basal lamina materials (Ogawa et al 
1986; Enzinger & Weiss 1988). 
The World Health Organization classification of CNS tumor& 
noted reticulin deposition as a feature of fibroblastic 
meningioma (Zulch 1979)• However, the composition of EMPs 
has been studied only a few times in meningiomas. Table 2 
of chapter 3 summarised previous immunohistologic studies 
of meningiomas for the EMPs. Most of the previous studies 
were not performed specifically to understand the 
mesenchymal properties of meningiomas and meningiomas were 
only examined among groups of other tumors. A small number 
of cases were usually examined and only Chronwall, McKeever 
& Kornblish (1983) and Bellon et al (1985) examined frozen 
tumor tissues. 
Chronwallr McKeever & Kornblith (1983) tried to distinguish 
meningiomas from gliomas with fibronectin with immuno-
fluorescence and immunoperoxidase techniques. Five cases 
were positive but details of histology or staining pattern 
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were not stated. 
Kartenbeck et al (1984), in a study mainly concerned with 
desmosomal junctions in meningiomas and arachnoid cells, 
stained an unstated number of meningiomas with procollagen 
I. There was no further description of staining pattern or 
conclusion drawn from such observation. 
McComb & Bigner (1985), again trying to distinguish glial 
tumors from non-glial tumors, examined 31 meningiomas (with 
2 hemangiopericytomas) with anti-laminin antisera. The 
distribution of positivity were : meningotheliomatous 0/6; 
transitional 3/11, fibroblastic 9/10, papillary 0/2, 
hemangiopericytic 1/2, Clearly, the more mesenchymal the 
appearance, the higher is the expressivity for laminin. 
Bellon et al (1985) examined 20 meningiomas with frozen 
section immunohistochemistry for fibronectin, collagen I, 
III, IV, V, and laminin. However, details were not given 
for the breakdown of the histologic types of meningiomas 
examined. Immunofluorescence was used, allowing little 
room for detailed morphologic description of 
immunostaining. The chief aim was still distinguishing 
between gliomas and meningiomas. Apart from perivascular 
tissues and psammoma bodies, only 5 cases revealed positive 
staining for fibronectin and collagen V. 
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Rutka et al (1987), in an attempt to localise EMPs in brain 
tumors, studied eight meningiomas with antibodies against 
laminin, fibronectin, procollagen III and collagen IV. 
They described such EMPs to be present in these tumors. 
But details of the histologic subtypes of meningiomas and 
the "pattern of staining were not given. 
Hitchcock & Morris (1987) examined 50 cases of diverse 
types of meningiomas, all being positive for fibronectin. 
The staining was described to be stronger with the 
meningothelial whorls. 
This study represents the first attempt to characterise 
comprehensively the EMP content of meningiomas of different 
subtypes with frozen section immunohistochemistry. 
Collagens I and III were examined because they represent 
the commonest types of interstitial collagens present. 
They are produced exclusively by fibroblasts or related 
connective tissue cells (Leeson, Leeson & Paparo 1985; 
Fawcett 1986)• Examination of procollagen I helps to 
identify cytoplasmic production of collagen by tumor cells 
as procollagens are regarded as cytoplasmic and generally 
indicative of cellular production of collagen. 
%
 , ‘ ‘ ... ” / % '’ _ 1 
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Fibronectin was examined so that results from previous 
authors could be confirmed (Chronwall, McKeever & Kornblith 
1983; Bellon et al 1985; Hitchcock & Morris 1987) and 
morphologic details lacking in these studies could be 
completed. Also, fibronectin has been examined many times 
in connective tissue tumors (see chapter 3) and comparison 
therefore could be easily made* 
Laminin and type IV collagens form essential components of 
basement membranes.. However, immunopositivity for laminin 
or type IV collagen is not confined to tumors with basement 
membranes (see chapter 3) • In tumors generally regarded as 
not possessing basal lamina, e.g. epitheloid sarcomas, 
smooth muscle tumors, granular cell tumors
 f 
immunopositivity for these antigens can often be found. 
This may reflect the presence of fragments of poorly formed 
intercellular basal lamina materials present in these 
tumors. 
Staining for these antigens has been described to be useful 
in distinguishing such tumors from non-connective tissue 
tumors, e.g. melanomas (Enzinger & Weiss 1988)• Laminin 
and type IV collagen are also elaborated by epithelial 
cells. However^ in the neoplastic states, i.e. carcinomas, 
basement membrane components are immunolocalised around 
groups of cells rather than individual cells, as in 
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connective tissue tumors (Flotte, Bell & Greco 1980; 
Enzinger & Weiss 1989; Leong 1990)• Also, in the latter, 
these EMPs do not exhibit the polarity in relation to 
nuclei^ as in normal epithelia. The pattern of deposition 
of these EMPs in meningiomas as demonstrated by this study 
is not dissimilar to that of other connective tissue 
tumors. 
This study demonstrated that meningiomas of diverse 
histologic subtypes revealed immunoreactivity for a variety 
of EMPs. The positivity rates for the different EMPs were 
highest for fibronectin (98%) and procollagen I (96%) and 
lowest for laminin (54%) and collagen IV (60%). Although 
table 10 showed higher positivities in general for the 
fibroblastic meningiomas than the meningotheliomatous or 
transitional meningiomas, the differences were not 
statistically significant. However, morphologic 
examination did reveal that, in general, expressivity 
correlated with fibroblastic differentiation. 
Meningotheliomatous tumor clusters and whorls showed 
smaller amounts of intercellular staining whereas spindle-
celled areas and fibroblastic bundles revealed dense 
fascicular immunopositivity. Such a pattern was particular 
characteristic of staining for collagen I and III. In 
larger sheets of tumor cells in meningotheliomatous 
meningimas, a pericellular scaffold of EMPs was often 
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decorated. Fibroblastic meningiomas showed dense sheets of 
positive staining with no significant variation from areas 
to areas. 
Collagens I, III, IV and laminin produced interstitial 
staining while fibronectin and procollagen I showed both 
interstitial and cytoplasmic staining. 
As expected, hemangiopericytic meningiomas, with its 
putative relationship with the soft tissue hemangio-
pericytomas, stained for many of the EMPs tested. More 
significantly, the secretory meningiomas, a variant noted 
for its prominent epithelial properties also stained for 
the EMPs. This is consistent with the unitarian concept of 
meningiomas, i.e. in spite of morphologic variations, 
meningiomas are essentially derived from the same cell 
type, the arachnoid cells. 
One can argue whether the EMPs present represent actual 
production of EMPs by tumor cells or that they merely 
represent mesenchymal elements laid down by fibroblasts 
intermingled with tumor cells. This issue has never been 
particularly addressed by previous authors. This author 
believes this is unlikely for the following reasons : 
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a. EMPs were stained extracellularly in intimate asso-
ciation with individual tumor cells , often in a 
pericellular fashion. Such a pattern was regarded as 
indicative of production of EMPs by the connective 
tissue tumors (Enzinger & Weiss 1988) and has also 
^ been confirmed experimentally by cultured sarcoma 
cells (see discussion in chapter 3). 
b. In tumors where a desmoplastic response to 
infiltrating tumor cells occurs, the staining 
generally surrounds clusters of tumor cells rather 
than between individual tumor cells (Flotte, Bell & 
Greco 1980) 
c. Procollagen I, the precursor of mature, polymerised 
collagen stained extensively in intracytoplasmic 
fashion. This is highly suggestive of tumor 
production of collagen. 
d. Meningiomas are not known to be extensively 
infiltrated by fibroblasts. This is self-evident in 
meningotheliomatous meningiomas but even in 
fibroblastic meningiomas, ultrastructurally, the 
fibroblast-like cells have been shown to be 
meningothelial in nature (Kepes 196¾ Russell & 
Rubinstein 1989)• Even very attenuated, spindly cells 
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embedded in a fibrous stroma have been shown to be EMA 
positive, i.e* they are meningothelial-derived cells 
rather than entrapped stromal elements (figures 20-21, 
p.118). 
However, to be absolutely certain that the EMPs were 
produced by meningiomas instead of any entrapped stromal 
components, production of such EMPs were examined in vitro 
(chpater 9)• 
The imiaunohistochemical findings in this study are also 
consistent with some of the earlier, though rarely 
emphasized, aspects of the ultrastructural observations of 
meningiomas. Intercellular basal lamina materials as well 
as intracytoplasmic tropocollagen fibrils have been 
described in meningiomas other than the hemangiopericytic 
type. Such mesenchymal structures also extend to typical 
meningothelial epithelial-like whorls (see chapter 2, pp36-
9) • Deposition of EMPs is also thought to play a major 
role in the formation of psaxnmoma bodies. And afterall, as 
discussed above, type IV collagen and laminin are by no 
means confined to tumors with distinct basement membrane 
formation. 
The immunohistologic profile of meningiomas is, therefore, 
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not dissimilar to what one would observe in a wide range of 
connective tissue tumor (see discussion above and chapter 
3, pp62-6). 
The overall strong vimentin positivity is in keeping with 
studies . by other authors on the intermediate filament 
composition of meningiomas (Kartenbeck et al 1984; 
Schwechheimer et al 1984). 
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Conclusion to chapter 7 
In this chapter, cryostat sections from meningiomas of 
diverse histologic variety were examined for a 
comprehensive panel of epithelial and mesenchymal markers. 
The former included three monoclonal antibodies against 
cytokeratins and the latter antibodies against the EMPs, 
IS ,” - ‘ 
• [ 
antigens which were not extensively examined previously. 
. 
Although most meningiomas stained for EMA, this marker is 
known not to be restricted to epithelial cells. Nor are 
the desmoplakins, which many meningiomas stained for, 
exclusive to epithelia. The most reliable marker for 
epithelial differentiation, the cytokeratins, was 
moderately positive in about 50% of the cases. This is in 
. 
sharp contrast to many previous investigations and 
conventional textbook teaching, which describe meningiomas 
as negative for cytokeratins with routine preparations 
except for the secretory meningiomas. 
On the mesenchymal side, apart from known positive staining 
for the vimentin filament, the vast majority of meningiomas 
stained for a variety of EMPs which are known to be 
intimately associated with mesenchymal cells in neoplastic 
states. Therefore, it seems that immunohistochemically, 




MMUNOHISTOCHEMIStRY OF MENINGIOMAS ON CYTOLOGIC j 
SMEAR PREPARATIONS 
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Introduction 
The immunohistochemical results elaborated in chapter 7 
have shown that meningiomas stained for a variety of 
extracellular matrix proteins. Although cryostat section 
immunohistochemistry is best for antigen preservation, 
morphologies are in general compromised. One can argue 
that some of the extracellular matrix proteins being 
stained were not related to the tumor cells at all and 
might just be products of fibroblasts infiltrating the 
stroma of the tumors. In this part of the study, cytologic 
smear preparations were examined immunohistochemically with 
the same panel of epithelial and mesenchymal markers as 
previously outlined in chapter 7 so that fine cytologic 
details of iminunostaining could be observed. 
Materials and methods 
Intraoperative brain smear preparations of 4 additional 
meningiomas were prepared as described by Adams, Graham & 
Doyle (1981) and Chandrasoma & Apuzzo (1989)• Briefly, 
small pieces of tumor tissues removed from operations for 
intraoperative diagnosis were dissected by sharp blades 
into many fragments generally less than 1 mm3. After 
careful smearing, the slides were immediately fixed in cold 
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acetone for 15 minutes. They were stained for hematoxylin 
and eosin and toluidine blue, and also 
immunohistoGhexaically for the same panel of antigens 
examined in chapter 7• 
The technique of immunostaining on cytologic smears was 
similar to those of cryostat immunohistochemistry as 
described in chapter 7. The use of immunohistochemical 
stains on brain tumor smears was also previously described 
by this author (Ng & Lo 1988 . “ 
Results 
Hematoxylin and eosin and toluidine blue stained smear 
preparations showed almost identical cytologic features of 
the four cases, in spite of their different histologic 
subtypes seen at the paraffin sections. Meningiomas were 
moderate to highly cellular neoplasms that smeared with 
relative ease. The smears were composed of large cohesive 
cell groups that frequently had a syncytial arrangement. 
These syncytial cells were plump with oval nuclei and 
eosinophilic cytoplasm. The nuclei possessed a thin, 
regular nuclear membrane, and a finely granular, uniform 
chromatin pattern. Nucleoli were not prominent (figure 
61). 
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At the edge of these syncytia, spindle-shaped tumor cells 
began to separate out into the surrounding. Yet they 
maintained a degree of loose cohesiveness with one another. 
The nuclear features were essentially those of the 
syncytial cells. Occasionallyf tumor cells were more 
tightly wrapped around each other forming whorls typical of 
meningiomas (figures 62 & 3) . Psaminoma bodies were not 
seen in the 4 cases examined. Whorling was more prominent 
in the transitional meningiomas while the single case of 
meningotheliomatous meningiomas examined showed larger 
syncytia. 
The results of cytologic immunostaining on smear 
preparations were summarised in table 11. 
As can be seen from table 11, cytologically, meningiomas 
also stained for both epithelial and mesenchymal immunohis-
tochemical markers. The cytokeratins, especially CAM5.2 
produced moderate perinuclear immunoreactivity. EMA, 
desmoplakins, vimentin were predictably positive while CEA 
was uniformly negative (figures 64 & 5) . EMA and HMFG 
produced much weaker staining than comparative histologic 
preparations probably because the membranous part of its 
staining would be less conspicuous in general in whole cell 
cytologic preparations than the cross-sectional view of 
conventional histology. 
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All 4 cases expressed some positive staining for the EMPs, 
the strongest staining of which being procollagen I and 
fibronectin (figures 66-69). In spite of their rather 
patchy and weak staining on frozen section immunohisto-
chemistry, cytologic immunostaining clearly demonstrated 
the presence of laminin and collagen IV in the interstitium 
(figures 70 & 1). Most of the EMPs were localised as fine 
strands of deposits surrounding individual cells and 
situated in the interstitium between individual tumor 
cells. In addition, they were also stained focally in the 
cytoplasm. Procollagen I and fibronectin in particular 
produced strong intracytoplasmic staining. As in cryostat 
immunohistology, procollagen staining appeared to show a 
predilection for the pseudonuclear inclusions 
characteristic of meningioma cells. All cases stained for 
vimentin, which also served as positive controls for the 
degree of adequacy of tissue preparation for immunostaining 
(Battifora 1990) (figure 72). 
The epithelial markers showed no obvious differences in the 
intensity of staining between the syncytia and the isolated 
tumor cells whereas tumor interstitial staining for the 
EMPs was much more conspicuous with tumor syncytia and 
whorls. 
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Table 11. Cytologic immunostaining of menincriomas on smear 
preparations 
File no. 91S8530 91S6850 91S8664 91S5899 
Type M T T T 
AE1/3 - .++ — ++ : 
CAM5.2 ++ - - . +++ 
PKK1 - - - + 
CEA - - ~ -
HMFG - - + ++ 
EMA + + + +++ 
Procol I +++ ++ +++ +++ 
Col I + - +++ + 
Col III + ++ 
Col IV + +++ - -
Laminin + + + 
Fibronectin ++ +++ + +++ 
Vimentin ++ ++ + +++ 
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Fig. 61 Cytologic smear preparation, meningotheliomatous meningioma 
(91S8530, H&E X300) 
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Fig. 62 Tight cellular whorls of transitional meningioma. Cytologic 
smear preparation. (91S6850, toluidine blue X450) 
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Fig. 63 Spindle cell portion of transitional meningioma. Cytologic 
smear preparation. (91S8664, H&E X150) 
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Fig. 64 EMA staining. Note both membranous (arrowed) and cytoplasmic 
positivity (91S5899, X450). 
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Fig. 65 Cytokeratin staining in smear preparation. 
' (91S8530, CAM5.2 X300) 
Fig. 66 Cellular whorls stained for procollagen. Note both cytoplasmic 
and interstitial staining (arrowed) (91S8664, X300) 
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Fig. 67 Collagen III produces a delicate intercellular skeleton of 
extracellular deposits (arrowed) (91S6850, X300) 
Fig. 68 Collagen I staining. Cytologic smear preparation. Intricate 
pericellular network of collagen fibers noted ( 1S8664, X450) 
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Fig. 69 Fibronectin staining of cytoplasm as well as intercellular 
matrix (arrowed) (91S5899, X300) 
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Fig. 70 Laminin staining outlining delicate extracellular matrix 
materials deposited around individual tumor cells. (91S8664, X450) 
190 -
^ , 
Fig. 71 Interstitial staining for collagen IV in cytologic smear 
“ (91S6850, X450) 
Fig. 72 Dense vimentin staining. Cytologic smear preparation (91S5899, 
X450) 
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Conclusion to chapter 8 
The purpose of this part of the study is to correlate 
the pattern of iitmiunostaining for epithelial and 
mesenchymal markers with the cytologic features of 
meningiomas. The conclusion that can be drawn is that 
firstly, biologically, meningiomas probably consist of a 
rather homogeneous population of cells with no significant 
differences in the pattern of immunostaining between areas 
consisting of syncytial cells, isolated tumor cells and 
whorls. Secondly, morphologic details allowed by smear 
cytologic preparations revealed exquisitely the presence of 
cytoplasmic cytokeratin filaments in meningiomas. This 
serves as a confirmation to the series of meningiomas 
examined by frozen section immunohistochemistry (chapter 
7), which demonstrated weak to moderate cytokeratin 
immunopositivity in 50% of cases. Thirdly, fine 
morphologic examination for the extracellular matrix 
protein positivity demonstrated a close relationship with 
individual tumor cells with no intervening fibroblasts. 
Procollagen I and fibronectin were strongly stained in the 
cytoplasm of tumor cells in addition to tumor interstitium. 
Focal cytoplasmic staining was also obtained for laminin, 
collagen I, collagen I and collagen IV though their 
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staining was predominantly interstitial. The implication 
that the EMPs were produced by the meningioma cells 
themselves is strong. 
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Chapter 9 
IN VITRO IMMUNOHISTOCHEMICAL ANALYSIS OF 




Immunohistochemical studies in chapters 7 and 8 have shown 
that meningiomas of diverse histologic subtypes stained for 
a variety of epithelial and mesenchymal markers. While the 
epithelial markers were either intracytoplasmic or 
membranous, the extracellular matrix proteins (EMPs) were 
stained both interstitially as well as in the cytoplasm. 
Moreover, the morphologies revealed by cryostat sections as 
well as cytologic smear preparations were highly suggestive 
of actual tumor production of the EMPs. 
In this part of the study, the potential for epithelial and 
mesenchymal immunohistochemical differentiation was further 
studied in vitro by short terra cultures of meningioma 
cells. In particular, the actual production of EMPs by 
meningioma cells was examined by immunohistochemical means. 
In these preparations, cells from primary cultures on 
coverslips were further incubated for 7 days, allowing time 
for adequate production of EMPs. The cells were then lysed 
by ammonium hydroxide and the matrix skeleton examined for 
EMP immunohistochemically. 
The technique of tissue culture enables the study of living 
cells under special conditions of biological 
simplifications and a variety of tumors may exhibit 
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differentiating features otherwise not obvious in vivo. 
Under culture conditions, tumor cells are free from 
influences exerted by neighboring cells and therefore, are 
able to achieve a greater degree of autonomy (Gaillard 
1953; Ioachim 1970; Rosai 1989). The cells usually adopt 
the morphology of an archtype after the cultures were 
stabilised. Such structural simplification is regarded as 
a major characteristic of tumor culture through which 
generic functional and differentiatng properties can be 
fully expressed (Costero et al 1955 Escalona-Zapata 1989) 
The classic example of tumor differentiation in vitro is 
neuroblastoma, from which neurites develop within 24 hours 
of the explants being placed in a suitable culture medium 
(Murray & Stout 1947)• Another example is amelanotic 
melanoma, which may become pigmented in vitro (Costa, Rosai 
& Philpott 1973)• Another recent finding is the neural 
differentiation demonstrated in Ewing1s sarcoma (Cavazzana 
et al 1987). 
Tissue cultures of meningiomas were documented by Bland & 
Russell (1938), Costero et al (1955), Kersting & Lennartz 
(1957) and Escalona-Zapata & Ozzello (1979) in the English 
literature and reviewed by Russell & Rubinstein (1989) and 
Escalona-Zapata (1990)• 
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Materials & Methods 
Fresh tumors from 7 patients were minced into 1 mm3 
fragments and rinsed with Hanks balanced salt solution 
containing 200 units penicillin, 200 ug streptomycin and 
0.5 ug amphotericin B per ml. Very fine fragments of tumor 
tissues were preserved in RPM1640 (Gibco) containing 20% 
fibronectin-free bovine serum (Sgima) and 10% dimethyl 
sulphoxide (DMSO) in liquid nitrogen. 
For putting up the cultures, the tissues preserved in the 
medium described above were thawed by a 37°C water bath, 
washed with Dulbeco1s Minimum , Essential Medium (DMEM) 
twice, resuspended in 2 ml of DMEM with 10% fibronectin-
free fetal bovine serum and seeded evenly across a 25 cm3 
plastic tissue culture flask. The cultures were incubated 
at 37°C in a humidified atmosphere of 95% air and 5% C02 and 
maintained for 8-10 days in the primary culture. They were 
continuously monitored by a phase contrast microscope and 
the culture medium was changed twice each week. The 
primary cultures were subsequently expanded by subculturing 
after the primary cultures were treated with 0.8 ml 
trypsin-EDTA (0.05% - 0.53 mM). 
Terminal cell densities as measured in a counting chamber 
varied between 2.5- 4 X 104 eelIs/cm2 and there was little 
197 -
or no cell crowding. 
After the second subculture, tissues were cultured onto 
coverslips (Belco) placed inside petri dishes. When the 
cultures had grown to confluence on the petri dish, the 
coverslips were washed twice with phosphate buffered saline 
and fixed in cold acetone for 15 minutes before 
immunostaining. 
Tissues from two more tumors were examined for the extra-
cellular matrix production. The methodology was similar to 
that described by Rutka et al (1986)• Briefly, the tumor 
explants were treated initially as above. However, the 
primary cultures were established on coverslips placed 
inside petri dishes. After growing to confluence, the 
cells were then maintained for seven more days. One 
coverslip was stained with hematoxylin and eosin. The rest 
were treated with 25 mM freshly prepared ammonium hydroxide 
for one to two minutes to remove the cells, leaving the 
extracellular matrix behind; the treatment was monitored 
with an inverted-phase microscope. The prepared matrix was 
immediately fixed with ice-cold acetone and examined by 
immunostaining• 
The panel of antibodies and the techniques used was 
identical to the one described in chapter 7, pl08, (table 
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5)• Similar negative and positive controls were used. For 
the last two cases, only the extracellular matrix proteins 
were examined• 
Results 
The results of this part of the study were partially 
presented (Ng et al 3.991) • 
Morphologies of cultures : 
In most cases, rapid cell migration and growth of the 
explants were achieved. By phase contrast microscopy, 
both coverslip and flask cultures showed rapid and vigorous 
monolayer growth, achieving confluence 8 - 10 days after 
seeding. In the initial stages, the ceils were small, 
bifid to bipolar. Very quickly, they gave rise to cells 
stellate to curvilinear in appearance, often bipolar to 
tripolar with a lesser amount of cytoplasm. These latter 
cells became the dominant cell type as the cultures were 
stabilised. Larger polygonal cells appeared focally and 
might form syncytia. At confluence, the cytoplasmic 
processes of the spindly cells became apposed to one 
another through the ends of cytoplasmic processes. A 
mosaic pattern of tumor cells was established with short 
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arches of cells, (figures 73-6)• 
Binucleated cells and mitotic figures were often 
"r 
identified. 
Tumor cells examined at subcultures showed similar morpho-
logies to those observed at primary cultures. In addition, 
features of cellular senescence were observed, with cyto-
plasmic vesiculations, vacuoles and condensations. 
Whorling was also observed (Fig, 77-80)• 
Growth of the single case of hemangiopericytic meningioma 
was a lot slower, the primary culture being passaged only 
after 20 days. Only the fibroblast-like cells were seen. 
The polygonal type of cells was absent or inconspicuous. 
Tissues examined at the second subculture also showed 
whorling• 
IinmunohistochemiGal results: 
The results of immunostaining of cultured meningioma cells 
of the first five cases were listed in table 12. 
As regards the epithelial markers, all five cases showed 
moderate to intense immunopositivities for one of the 
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cytokeratin antibodies, especially CAM5.2 and AE1/3 (Fig. 
81-3)• Immunoreactivities were characteristically peri-
nuclear. EMA stained all cases but like their cytologic 
smear counterparts, the cultured cells showed only weak to 
moderate staining (Fig. 84)• This was attributed to the 
fact that the partly membranous staining of EMA might be 
less conspicuous on cytologic than histologic preparations. 
CEA was negative for all cases while HMFG was weakly-
positive for 2 cases. Desmoplakins stained all except one 
case (Fig. 84) • Curiously, not only cells apposed to one 
another and presumably through desmosomal junctions 
stained. Isolated cells as well as cells that were only 
tenuously juxtaposed to other cells at the cytoplasmic ends 
also stained. 
The single case of hemangiopericytic meningioma cultured 
also demonstrated positive immunoreactivities to the 
cytokeratins, EMA and HMFG (Figs 86-89) 
All 5 cases where intact cells were examined showed 
immunopositivity for some of the EMPs. The staining was 
intense and cytoplasmic, with perinuclear accentuation. 
Fibronectin and procollagen I in particular produced strong 
staining. Focal staining for the interstitium in a fasci-
cular pattern was present (Figs. 90-95)• 
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Interstitial staining would be much better demonstrated in 
the two cases where cells of the primary cultures were 
lysed for a better demonstration of the EMPs. Results of 
immunostaining for the EMPs in these two cases of primary 
cultures where the cells were lysed were summarised in 
table 13. The extracellular matrix proteins were 
immunolocalised as fine skeletal scaffolds surrounding 
ghostly outlines of cells. Staining was stronger for the 
mature collagens and IV than collagen or the 
procollagen, the production of which was predominantly 
intracytoplasmic (Figs. 96-8)• Laminin also produced only 
weak immunopositivity. 
All negative controls did not show any positive staining. 
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Table 12. Immunohistochemistrv of cultured meningioma cells 
File no. 89S6258 89S10727 90S5385 90S13155 91S2558 
Type T M HP T M 
AE1/3 +++ + + +++ ++ 
CAM5.2 +++ +++ +++ ++ +++ 
PKK1 - - + - -
CEA - - • • 
HMFG + + + 4 - + + ++ 
DPK + + + - +++ + 
EMA + + + + - + 
Procol I +++ + + +++
 + + + 
Col I + + + - - + 
Col III - +++ - +++ + 
Col V + + - + + 
Laminin + - - - + 
Fibronectin + +++ + +++ + 
Vimentin +++ +++ ++ +++ ++ 
Abbreviations : M: meningotheliomatous T: transitional; HP: heman 
giopericytic; CEA : carcinoembryonic antigen; EMA : epithelia 
membrane antigen; HMFG : human milk fat globule; Procol : pro 
collagen; Col : collagen 
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Table 13._Extracellular matrix protein staining on primary culture 
of menincriomas 
File no. 91S3758 91S8664 
Type Meningothe- Transitional 
liomatous 
Procollagen I + + 
Collagen I +++
 + + 
Collagen III + _ 
Collagen IV + + + 
Laminin + + 
Fibronectin +++ ++ 
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Fig. 73 Meningioma cells seen at confluence at second subculture. Bipolar to , 
stellate fibroblast-like cells predominate. Secondary formation 
of larger, polygonal cells is also seen (arrowed). (89S6258, H&E X150) 
i P" _ _ 11 • —T.'iTI….II in _ p. _ i I I i—_ I ---_ bii ,i ,.,.,„,— , 
Fig. 74 A reticular pattern of short arches of fibroblast-like cells seen at confluence 
(89S10727, H&E X60) 
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Fig. 75 High power view of fibroblast-like cells at confluence (89S10727, H&E 
X450) 
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Fig. 76 Sheet-like areas of fibroblast-like cells seen in meningioma culture 
(90S13155, H&E X300) 
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Fig. 77 Whorl formation seen at the second subculture (89S6258, H&E X450),, 
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Fig. 78 Whorl formation seen at subculture of meningioma (90S13155, H&E X450) 
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Fig. 79 Larger, polygonal cells forming syncytia at subculture. Note features of, 
cellular senescence with cytoplasmic vesiculations (91S2558, H&E X450) 
Fig. 80 Another tumor culture with large, polygonal cells joining together to form 
syncytia (89S6258, X450) 
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Fig. 81 Intense fibrillar cytokeratin filaments outlined in a perinuclear fashion 
(90S13155, AE1/3 X450) 
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Fig. 82 Dense cytoplasmic staining for cytokeratin in cultured meningioma cells 
(89S6258, CAM5.2 X150) 
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Fig. 83 Cultured meningioma cells stained for cytokeratins (89S6258, PKK1 X450) 
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Fig. 84 EMA staining of cultured meningioma cells. Note both cytoplasmic and 
membranous staining (arrowed). (89S6258, X450) 
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Fig. 85 Desmoplakin staining of cultured meningioma cells. Isolated cells as vyell 
as cells sharing a border with other cells are both stained positive 
(89S6258, X450) 
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Fig. 86 Predominance of stellate shaped cells seen in cultures of hemangiopericytic 
meningioma (90S5385, H&E X450) 
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Fig. 87 Cultured cells of hemangiopericytic meningioma stained for cytokeratins 
(90S5385, PKK1 X450) 
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Fig. 88 Cultured cells from hemangiopericytic meningioma stained for cytokeratins 
(90S5385, CAM5.2 X450) 
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Fig. 89 Whorl formation seen at subcultures of hemangiopericytic meningioma 
stained weakly by AE1/3 anti-cytokeratin antibodies (90S5385, X450) 
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Fig. 90 Cultured meningioma cells reveal strong positive staining 
for fibronectin (89S10727, X450) 
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Fig. 91 Cultured meningioma cells with strong cytoplasmic staining for procollagen 
I (91S2558, X450) 
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Fig. 92 Cultured meningioma cells staining cytoplasmically and interstitially 
(arrowed) for collagen III (90S13155, X450) 
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Fig. 93 Intricate pericellular skeletal staining for collagen I in meningioma culture 
(90S13155, X450) 
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Fig. 94 Network-like deposits of collagen III in cultured meningioma cells. 
Focal cytoplasmic staining is also noted (89S10727, X450) 
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Fig. 95 Delicate focal intercellular deposits of collagen IV in meningioma cultures 
(89S6258, X450) 
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Fig. 96 Fine extracellular matrix stained for collagen I after cultured tumor cells are 
removed. (91S3758, X300) 
216 -
liyil^ lll^ llllll^ glllll^ ljlljmil^ l^ P^grjy^g l^lgjii^ ., "•. ^•"•"^^*"*^"^  ….y y mam^  Timy^ rTm^ BmniiiiiijjMMtai"1"' • - “ w....1..,,lllu.,,, 
:, .:::,::_ . ’ : 
| » . | V ’
 v .… . . …,‘..... 
. . ‘‘ « , ‘ ‘ » ‘ '• ::: ..,:' ,, ..:.::"• :• ‘' . I. _.: . ...:’. ['.>/ '. " V0 , i * - ‘‘ \ 
• % / nHBIMIB^BBMBBI 
. ‘ . ‘ . . . . \ ‘ ::• • —‘ ‘ •-' •• 
j ,
v
. - ‘ . * • ” ‘ 
* - .. 
’ .. - - * .. ‘ ‘ ‘ ,, < . ...::, :‘'…,..…‘ . 
i \ ^ \ ‘ • ” 
t- .. } ’ /. .V V . - • . . ‘ . • 
. f w * 
^ .‘ ‘ .m^ ‘ / 
I y ^ ^ ^
 w : /f 
. . ( ‘ ‘ , … . K ‘ ‘ ^ I • ‘ . . . .J • . - . ‘ ‘. "‘ 4 
i , . ‘ ) “‘ ^ I 
^^^^H^HHHS^SmI^^smI^ 1 / t 
…: - • . • • , •• ,, - V, • . 
Fig. 97 Extracellular matrix skeleton of primary meningioma culture stained for : 
fibronectin (91S3758, X450) 
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Fig. 98 Extracellular matrix skeleton of primary meningioma culture stained for 
collagen IV (91S8664, X450) 
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Discussion 
The morphologies of the cultured cells seen in this study 
do not differ siginificantly from what was previously 
described (Russell & Rubinstein 1989; Escalona-Zapata 
1990). 
Small, round to bifid cells initially migrating out of the 
explants were replaced by more fibroblast-like cells which 
at confluence form mosaics and arcs, resulting in a 
reticular pattern. Bland & Russell (1938) described the 
early cells epitheloid and the latter cells as granulation 
tissues. They particularly pointed out the similarity of 
cultured meningioma cells to fetal mesenchyme. Costero et 
al (1955) called the early phase cells "endothelial" and 
the latter "fibroblasts". Kersting & Lennartz (1957) 
described the second phase cells "dedifferentiated" but at 
the same time recognised their essentially mesenchymal 
characteristics. They also conceded that it could be 
difficult to distinguish such meningioma cultures from 
those of fibroblasts. Escalona-Zapata (1990) using the 
terminology of Morley (1958) called the early phase cells 
type and the cells appearing later type II. Buckley and 
Eisenhardt (1929) and Cox and Cranage (1937) in earlier but 
less exhaustive studies also regarded such cultures as 
essentially mesodermal in nature. 
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The subsequent appearance of a larger, polygonal type of 
cells with abundant, flattened cytoplasm recapitulated 
other morphologic aspects of classic meningiomas : syncytia 
and whorl formation. These cells were called type III 
cells by Morley (1958) and they could be seen to derive 
from the bipolar, fibroblast-like cells. Although 
isolated focus of cultured cells may be hard to distinguish 
from fibroblasts possibly entrapped within the tumor, 
several features convinced the author that they were indeed 
derived from meningiomas. 
Firstly, they can be seen to be derived from tumor explants 
in the early phase of establishment of the cultures. The 
usual crowding of true fibroblasts in tissue culture was 
not observed even in cells maintained well past confluence. 
The terminal densities of these cultures were less than 
what is usually seen in fibroblastic cultures, where 
terminal densities of 1-2 X105 are expected. Also, whorling 
of cultured cells helped demonstrate their meningeal 
nature. The fact that many of these "fibroblastic" cells 
were strongly positive for more than one cytokeratin marker 
rendered the likelihood that they were fibroblastic 
contaminants very remote. Fibroblasts are not known to 
elborate cytokeratins, in vivo or in vitro (Frank 1983)• 
Both Bland & Russell (1938) and Costero et al (1955) 
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recognised the potential of these "fibroblastic" cultured 
meningioma cells to lay down collagens. However, it was 
not possible to prove it with the techniques available to 
these authors. The findings outlined here clearly 
demonstrated the ability of meningioma cells to produce 
many EMPs in vitro. This is consistent with the earlier 
study on cryostat immunohistochemistry of a large series of 
meningiomas and also with the immunostaining results 
obtained on cytologic smear preparations (chapters 7 & 8)• 
Analysis of extracellular matrix of cultured meningiomas, 
in this author1s literature review, was carried out only 
once. Rutka et al (1986a) examined cultured meningioma 
cells and analyzed their extracellular matrix production, 
utilizing immunofluorescence and 2-dimensional gel 
electrophoresis. They were able to demonstrate cytoplasmic 
and matrix staining for fibronectin, laminin, collagen type 
IV and procollagen type III in 7 meningiomas. Similar 
findings were obtained in cultures of human brain tissues 
which yielded predominantly leptomeningeal cell growth 
(Rutka et al 1986b). 
This study confirmed the findings of Rutka et al (1986a). 
However, instead of immunofluorescence, immunoperoxidase 
staining was performed, which combined sensitivity, 
morphologic details and better preservation of 
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preparations. In addition, this study also showed that 
collagen and its precursor procollagen I were 
simultaneously expressed immunohistochemically, hence 
correlating cytoplasmic production to interstitial 
deposition of collagen. The production of collagens and 
other EMPs is a characteristic, though not exclusive, 
property of fibroblasts or related mesenchymal cells. 
Collagen I is almost exclusively produced by fibroblasts 
(Fawcett 1986) whereas collagen IV and laminin, in addition 
to forming the basal lamina of epithelia and endothelia are 
also formed by smooth muscle cells, Schwann cells, and a 
variety of soft tissue tumors (Carey 1983; Enzinger 1988; 
Martinez-Hernandez & Amenta 1983 Ueda & Nakanishi 1989; 
see also chapter 3)• Likewise, fibronectin production is 
also a fibroblastic function (Fawcett 1986; DfArdenne et al 
1983)• Cultured glioma cells are also known to produce 
EMPs, especially fibronectin (McKeever et al 1986; McKeever 
et al 1987; Kennedy et al 1987). However, gliomas are not 
known to express EMPs in vivo (Kochi et al 1983; Bellon et 
al 1985; McComb & Bigner 1985; Rutka et al 1987; Rutka et 
al 1988). 
By demonstrating that cultured meningioma cells produced 
EMPs, a function closely akin to fibroblast is revealed. 
This confirmed an earlier part of this thesis on the EMP 
contents of meningiomas when direct immunohistology was 
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performed (chapter 7)• 
Focal cytoplasmic staining for the EMPs was more difficult 
to explain. As most of them are extracellular proteins, 
their immunolocalisation in theory should be outside cells. 
However, similar intracytoplasmic staining was obtained by 
Rutka et al (1986a; 1986b)• This author postulated that 
possibly, some of the antigenic epitopes recognised by 
these antibodies were also present in the intracytoplasmic 
precurosrs of these proteins, a view also shared by Dr. 
Rutka himself (private communication)• It should also be 
noted that even in studies on EMP staining in connective 
tissue tumors, focal cytoplasmic staining was often seen 
(see chapter 3). 
In addition to the EMPs, this study appears to be the first 
study where meningiomas were examined in vitro for a wide 
panel of epithelial and immunohistochemical markers. 
Chapter 7 has shown that even when frozen sections and a 
panel of monoclonal antibodies were used, only 50% of 
meningiomas demonstrated weak to moderate staining. with 
paraffin sections, extremely rarely will meningiomas stain 
for cytokeratins (chapters 2 & 5) and often, as in busy 
pathology laboratories, when one antibody is used with 
conventional processing and embedding, meningiomas are 
often regarded as cytokeratin negative (see chapter 2)• 
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The secretory meningiomas are an exception; however, they 
have rather distinctive histologic and ultrastructural 
features and would not pose too much problem in 
differential diagnosis of other cytokeratin-positive 
tumors. 
The findings from this study showed that meningiomas, when 
freed from the restraints imposed by an in vivo 
environment, are capable of elaborating large amounts of 
cytokeratin filaments, in addition to vimentin. Therefore, 
in spite of the often rare staining for cytokeratin 
obtainable from routine immunohistochemistry, meningiomas 
are indeed cytokeratins producing tumors. This implies 
that meningiomas are able to elaborate cytokeratin 
filaments in substantial quantities, a most specific 
property of epithelial tissues. Therefore, occasional 
staining for cytokeratins in difficult diagnostic 
situations does not necessarily exclude meningiomas. 
The staining of cultured meningioma cells for EMA and HMFG 
mirrored their immunohistochemical profile in vivo. 
Interestingly, desmoplakins, which stained desmosomal 
junctions, were positive even for cultured cells apparently 
not sharing a common border with another cell. This 
suggested that in spite of the absence of a close 
relationship with another cell, cultured meningioma cells 
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retain this ability to associate with another cell, 
accounting for the late formation of syncytia and whorls in 
tumor subcultures. 
It is also generally agreed that irrespective of heir 
original histologic subtypes, the pattern of growth of 
meningioma cultures is faithfully reproduced (Costero et al 
1955; Escalona-Zapata 1990). Our studies confirmed these 
early observations : there was no significant difference in 
the morphology or pattern of immunostaining among the 
different types of conventional meningiomas. 
More importantly, such uniformity of tissue culture 
appearance and immunohistocheitiical profile also extended to 
the single case of hemangiopericytomic meningioma cultured. 
The controversy surrounding the origin and classification 
of intracranial hemangiopericytomas was reviewed in chapter 
2. In my literature review, hemangiopericytic meningiomas 
were only infrequently examined by the tissue culture 
technique. 
Escalona-Zapata (1990) described the culture appearance of 
"angioblastic" meningioma as identical to cerebellar 
hemangioblastoma and offered no further details. It was 
uncertain if he equated "angioblastic" meningioma with 
hemangiopericytic meningioma which appeared to be the 
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preferred terminology due to its lack of ambiguity (Russell 
& Rubinstein 1989; Burger, Scheithauer & Vogel 1991). 
However, elsewhere, their culture morphology was also said 
to be similar to that of other meningiomas in the same 
article (Escalona-Zapata 1990)• 
Nakamura et al (1987) examined 7 cases of hemangiopericytic 
meningiomas in cultures. The description and photographs 
presented did not appear significantly different from other 
meningiomas though whorl formation was not evident. Kawana 
et al (1988) examined three cases with cell cultures. 
Morphologically, no whorl was formed and the cells stained 
for vimentin, desmin, act in and laminin. It was also 
concluded that they were distinct from the classic 
meningiomas. Similar negative findings were obtained by 
Horten et al (1977) whereas Muller and Mealey (1971) were 
able to demonstrate whorling in a single case of 
hemangiopericytic meningioma they examined. 
The controversy surrounding hemangiopericytic meningioma 
was previously presented (Chapter 2). Briefly, while many 
authors regarded them as the same as soft tissue hemangio-
pericytomas and distinct from the usual meningiomas, 
others, including the late Dr. L.J. Rubinstein (Russell & 
Rubinstein 1989) viewed them as a variant of meningiomas 
that morphologically merged with the classic meningiomas. 
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The case examined by this study probably represented the 
only case where cultured hemangiopericytoma cells were 
examined with a panel of immunohistochemical markers. 
Significantly, they stained for cytokeratins, EMA and HMFG 
in a profile not dissimilar to other meningiomas. These 
would not also be regarded as properties generally accepted 
for soft tissue hemangiopericytomas. Therefore, the 
results of this study supported Dr. L.J. Rubinstein's 
postulation that hemangiopericytic meningiomas are closely 
related to the usual meningiomas and not to soft tissue 
hemangiopericytomas• 
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Conclusion to chapter 10 
In this chapter, 7 meningiomas of diverse histologic sub-
types were examined by tissue culture methods. Five were 
put up for subcultures while the primary cultures of two 
cases were analyzed for their extracellular matrix protein 
contents. Apart from morphologic observations, cultured 
tissues were examined with the same panel of mesenchymal 
and epithelial markers utilized throughout this study. The 
results showed that both mesenchymal and epithelial markers 
were strongly expressed by meningiomas in vitro. i n 
particular, cytokeratins, which were only rarely stained 
positive in routine histology, were all strongly expressed. 
Cultured cells and their matrices contained a variety of 
extracellular matrix proteins, especially procollagen I and 
collagen I, a function closely akin to fibroblasts. There 
was no significant difference in culture morphology or 
immunohistochemical profile between the different subtypes 
of meningiomas, including the hemangiopericytic variant. 
Therefore, short term tissue culture is a useful tool for 
studying the dual epithelial and mesenchymal 
differentiating characteristics of meningiomas. 
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OVERALL DISCUSSION AND CONCLUSION 
- 2 2 8 -
General overview of study 
The aims of these series of studies, as outlined in Chapter 
4' were to characterise comprehensively by various 
immunohistochemical methods the dual mesenchymal and 
epithelial differentiating potentials of meningiomas. 
Chapter 1 started with an introduction to meningioma and a 
discussion about its progenitor cells, the arachnoid cells. 
Chapter 2 reviewed the literature concerning 
differentiation in meningiomas : conventional histology, 
ultrastructure, immunohistochemistry and in vitro studies. 
Chapter 3 discussed the role of the extracellular matrix 
proteins, one of the main markers examined in this thesis, 
in physiology and tumor biology. In particular, their 
association with fibroblastic functions and in neoplasia, 
with tumors of connective tissue origins was emphasized. 
Chapter 4 stated the overall objectives and methodology of 
this thesis. A pilot study was performed with parallel 
paraffin and frozen section immunohistochemistry on the 
epithelial markers and it was shown that the latter should 
be the method of choice. The difference in immunostaining 
methodology might also explain some of the discrepancies 
encountered in previous studies on the immunohistochemical 
properties of meningiomas. This was outlined in Chapter 5. 
The small and patchy amount of cytokeratin staining 
demonstrable was further confirmed by immunoelectron 
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microscopy to be cytokeratin intermediate filaments in 
Chapter 6. 
Chapter 7 forms the main body of immunohistologic 
investigation of this thesis. A reasonably sized series of 
50 meningiomas of diverse histological subtypes was 
examined with a wide panel of immunohistochemical markers 
of epithelial and mesenchymal differentiation, including 3 
well characterised monoclonal antibodies to broad spectrum 
and low molecular weight cytokeratins, epithelial membrane 
antigen, vimentin and many components of the extracellular 
matrix proteins. The studies revealed the almost universal 
staining of meningiomas for EMA whereas some previous 
studies have only been able to demonstrate about 50% of EMA 
positivity in meningiomas with conventional immuno-
histology. Moreover, the findings showed that if sensitive 
techniques were used, as with cryostat section 
immunohistology, up to 50% of meningiomas were cytokeratin 
positive. Conventional teaching, however, still regards 
meningiomas as mostly cytokeratin-negative except for the 
secretory variants. Furthermore, such epithelial 
immunohistochemical profile also extended to 
hemangiopericytic meningiomas and other histologic 
subtypes. More importantly, all types of meningiomas were 




Further details of cytoplasmic and pericellular immuno-
staining for both epithelial and mesenchymal markers were 
furnished by chapter 8, where cytologic smear preparations 
of meningiomas were similarly immunohistochemically tested. 
Chapter 9 examined the in vitro differentiating potentials 
of meningiomas in short term cultures. Morphologically, 
cultured meningioma cells are fibroblast-like and 
immunohistochemically, they stained strongly for both 
cytokeratins and the EMPs. The latter were also shown to 
be secreted into the culture fluid by immunohistochemical 
staining of the matrix after cultured cells were dislodged 
by ammonium hydroxide. 
Epithelial differentiation in meningiomas 
Meningiomas are unique in the body as far as their dual 
epithelial and mesenchymal differntiating features are 
“ 
concerned. Although other tumors, e.g. synovial sarcomas, 
mesotheliomas, adamantinomas, thymomas, may exhibit 
features of both epithelia and mesenchyme, the morphologic 
spectrum seen in meningiomas, in the classic types as well 
as their variants, far exceeds these other tumors. 
Meningiomas possess interdigitating cell processes rich in 
desmosomal and hemidesmosomal junctions, which is a 
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reflection of the function of the arachnoid cells as the 
blood-CSF interface. However, in contrast to other 
epithelial tissues, the intermediate filament type 
anchoring onto these desmosomal junctions is vimentin, and 
the results of this thesis are in keeping with previous 
findings. As outlined in chapter 7, desmosomal junctions 
are not strictly limited to the epithelia, being present in 
the cardiac myocytes and Purkinje fibers as well. And like 
the myocardial tissues, the predominant intermediate 
filament type associated with cell junctions is not 
cytokeratins. 
One of the most important characteristic of epithelial 
differentiation is the presence of intracytoplasmic 
cytokeratin filaments. This study clearly demonstrated 
their presence when sensitive immunostaining methods were 
employed. Their presence was further confirmed by electron 
microscopic immunolabelling and the capacity of meningioma 
cells to produce a greater amount of cytokeratins than what 
was achieved in vivo could be readily appreciated by 
immunohistochemical evaluation of short term cultures of 
meningiomas. And the histologic subtype which best 
demonstrates this quality was the secretory meningiomas. 
Although cytokeratins can be found in non-epithelial 
tumors, their presence by and large indicates significant 
epithelial differentiation, e.g. epitheloid sarcomas, 
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synovial sarcomas, mesotheliomas. 
However, it must be emphasized that such staining for the 
cytokeratins is in general patchy and only moderate to weak 
in frozen section. Their presence in formalin-fixed 
routinely processed tissues is extremely rare (chapter 5)• 
Another marker of epithelial differentiation, the 
epithelial membrane antigen (EMA), is diagnostically more 
useful as the vast majority of meningiomas are EMA 
positive. However, the occasional presence of cytokeratins 
in meningiomas must be borne in mind for those surgically 
orientated so that diagnostic problems with carcinomas will 
not arise. 
EMA is not as specific as the cytokeratins as far as 
epithelial differentiation is concerned and can be found in 
many lymphoreticular disorders, myoepitheliomas and 
perineuriomas. Nevertheless, its universal presence in 
meningiomas of all different subtypes, and its resistance 
to formalin fixation render it diagnostically the 
epithelial immunohistochemical marker of choice in 
meningioma studies and diagnosis. And it can also be seen 
from this study, that in contrast to conventional paraffin 
section immunostaining, cryostat section immuno-
histochemistry revealed EMA to be both cytoplasmic and 
membranous and that they were present in almost all 
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meningiomas. 
The other major epithelial marker for meningiomas is desmo-
plakins. Unfortunately, most commercially available anti-
bodies work only on frozen sections, which limits their 
usefulness in diagnostic situations. However, it should be 
noted that rare non-epithelial tissues may also possess 
desmosomal junctions. Human milk fat globule stained a 
smaller number of tumors than EMA. This lends support to 
the proposition that in spite of many similarities, human 
milk fat globule and EMA probably recognise different 
antigenic epitopes. 
Mesenchymal differentiation in meningiomas 
The mesenchymal properties of meningiomas have rarely been 
examined. Apart from the description of subtypes (outlined 
in chapter 2) that manifest predominantly mesenchymal 
features, the mesenchymal nature of the classic meningiomas 
was only occasionally emphasized, e.g. two PVP containing 
meningiomas described by Chen, Kepes & Teglbjaerg (1985) 
and a meningioma harboring rheumatoid nodules (Kepes et al 
1986)• Apart from vimentin, the predominant intermediate 
filaments in meningiomas, there has been few immunohisto-
logic studies on the mesodermal nature of meningiomas. 
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Although present mainly in mesenchymal cells in normal 
tissues, in neoplasia, vimentin filaments can now be 
identified in tissues of such diverse origins that their 
specificity for mesenchymal differentiation is very much in 
doubt (McGuire, Ng & Lee 1989). Such heterogenous 
distribution of vimentin greatly hampers their usefulness 
in diagnostic situations. 
The extracellular matrix proteins (EMPs) are important 
mesenchymal markers to examine as they are intimate and 
very often, exclusive functions of fibroblasts and related 
connective tissues, which were detailed in chapter 3. This 
study, the first comprehensive examination of the EMPs in 
meningiomas, revealed that all meningiomas tested were 
positive for at least some of the EMPs. Collagen I, 
procollagen I, and fibronectin were the EMPs most 
frequently identified. The presence of cytoplasmic 
procollagen and to a certain extent fibronectin suggested 
tumor production of these EMPs. This observation was 
further confirmed by in vivo examination of cultured tumor 
cells and the extracellular matrix they produced. 
The production of EMPs is predominantly, though not 
exclusively, a function of fibroblasts and related 
msenchymal cells. By demonstrating that meningiomas 
elaborate a variety of EMPs, an essentially mesenchymal 
235 -
property of meningiomas has been confirmed. such 
production of EMPs was also shown by arachnoid cells in 
vitro in previous studies. Previous ultrastructural 
studies of meningiomas have also revealed tiers of basal 
lamina materials deposited in meningiomas other than the 
fibroblastic meningiomas• Intracytoplasmic fibrillary 
structures thought to be tropocollagens were also 
described. Meningothelial whorls, though consisting of 
cells with interdigitating processes and desmosomes, were 
seen to be surrounded by reticular and elastic fibers, 
microfibrils, finely reticulated extracellular matrix as 
well as fragments of basal lamina (chapter 2) • Psaminoma 
bodies are formed by accumulation of EMPs extruded from 
tumor cells. The immunohistologic findings of this thesis 
are consistent with these ultrastructural observations. 
Similar production of EMPs is also seen in a wide range of 
connective tissue tumors (chapter 3)• 
Although overall, the rates of positivitity for the EMPs 
were not significantly different for the major subtypes of 
the classic meningiomas, careful examination of the 
immunohistologic preparations revealed that, in general, 
expressivity for the EMPs correlated with fibroblastic 
features. However, that even the meningotheliomatous 
syncytia and tumor whorls and secretory meningiomas 
revealed positive staining demonstrated that all 
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meningiomas have common mesenchymal properties. This 
observation of an essentially mesenchymal nature of 
meningiomas, in this author1s literature review, has only 
been rarely made. 
Such findings should not be too surprising, in view of the 
^ny mesenchymal properties of the progenitor cells of 
meningiomasf the arachnoid cells : anatomically, the arach-
noid cells are contiguous with the dura the arachnoid 
trabeculae are closely associated with connective tissues; 
cells closely related to the arachnoid, the dura border 
cells and to a certain extent, arachnoid barrier cells 
exhibit mesenchymal features; the arachnoid cells serve 
important structural functions; their response to injuries 
and aging is typically mesenchymal; they have been shown to 
produce EMPs in vitro (see chapters 1 & 2)• 
Conclusion 
By a series of immunohistochemical analysis, this thesis 
has shown that meningiomas, whatever their subtypes, are 
truly tumors with dual epithelial and mesenchymal 
differentiation potentials. Their mesenchymal properties 
seem to outweigh their epithelial immunohistochemical 
properties, which lends support to the argument that 
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arachnoid cells are predominantly mesodermal embryo-
logically (chapter 1)• Histologically, this also manifests 
as histologic subtypes that exhibit unequivocal 
characteristics of mesenchymal tissues (chapter 2)• 
The immunohistochemical profiles outlined in this thesis 
will also be useful diagnostically : a pericellular 
distribution of EMPs may favour a diagnosis of meningioma 
vs carcinoma; in atypical cases, cytokeratin positivity 
does not absolutely rule out a meningioma; epithelial 
membrane antigen positivity will distinguish meningiomas 
from schwannomas. 
The immunohistochemical analysis of this thesis also 
supports the unitarian concept of meningiomas, i.e. 
meningiomas, whatever their subtypes, are biologically 
similar and are all derived from the arachnoid cells. Both 
in vivo and in vitro, the same immunohistochemical 
profiles, i.e. EMA, EMP, desmoplakin and cytokeratin 
positivity could be demonstrated for a variety of 
meningiomas, including the hemangiopericytic, secretory, 
papillary, malignant, lipoblastic, and clear cell 
meningiomas. Short term culture of meningiomas was also 
clearly shown to be a useful tool for further study of the 
divergent differentiating potentials of meningiomas. 
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Meningiomas are not the only tumors in man with both 
epithelial and mesenchymal differentiation. Synovial 
sarcomas, thymomas, epitheloid sarcomas, mesotheliomas, 
etc. are all capable of versatile differentiation 
potentials, giving rise to controversy surrounding their 
histogenesis or diagnosis. The experience of this thesis 
suggests that such tumors may also be profitably 
investigated by similar immunohistochemical analysis. 
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